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PREFACE 
Dominant exudative vitreoretinopathy (DEVR) is an eye disease which has 
only recently received wider attention. In 1969 Criswick and Schepens used 
the designation "familial exudative vitreoretinopathy" to describe a syndrome 
they observed in six patients belonging to two families. The condition was 
characterized by several symptoms involving the vitreous and retina, e.g. 
"posterior vitreous detachment, organized vitreous membranes, heterotopia 
of the macula, retinal neovascularizations, subretinal and intraretinal exudates, 
and localized retinal detachment". The clinical features impressed the authors 
as strongly reminiscent of retrolental fibroplasia, but none of the patients had 
a record of premature birth or postnatal oxygen administration. 
In 1971 Gow and Oliver described the same syndrome in several members 
of one family. They considered their findings to be compatible with auto-
somal dominant transmission. Canny and Oliver (1976) were the first to de-
monstrate the fluorescein-angiographic changes of DEVR in four members of 
the abovementioned family. The most striking finding was "abrupt cessation 
of the capillary network in a scaloped edge near the equator". Fluorescein 
was seen to leak from the retinal vessels localized in this marginal zone, and in 
some eyes from massive fibrovascular lesions as well. Similar fluorescein-
angiographic changes have been described in recent years in other reports on 
families with DEVR (Nijhuis et al., 1979; Slusher and Hutton, 1979; 
Dudgeon, 1979; Ober et al., 1980; Laqua, 1980). 
In 1979 I commenced a clinical study of this still little-known condition at 
the Nijmegen University Institute of Ophthalmology (The Netherlands). This 
venture was prompted by the fact that two families with DEVR had been 
known for some time at this institute. The study led to identification of the 
disease in seven more families. The findings obtained in :his total of nine 
families are presented and discussed in this thesis. 
Part I briefly reviews the normal development and anatomy of the retinal 
vasculature, more specifically in the peripheral fundus. 
Part II discusses the pathology of (peripheral) retinal vascular development. 
In addition to DEVR there are other eye diseases or general syndromes in 
which fundus changes are based on disturbed development of the peripheral 
retinal vasculature, or in which such a pathogenesis is considered not to be 
improbable. Moreover, other conditions whose primary lesions are not based 
on disturbed vascular development can be incidentally associated with symp-
VI 
toms suggestive of a disorder in the vasculogenesis of the peripheral retina. 
The selection of the conditions discussed in part II is based partly on a study 
of the literature and partly on personal observations, some of which have 
been presented in previous publications. 
Apart from DEVR, I have not attempted to discuss all the features of the 
various other diseases but always accentuated the aspect of disturbed retinal 
vascular development. 
Both the literature and the histories of our patients show that DEVR very 
frequently causes diagnostic confusion. This is why I have given ample atten-
tion to differential diagnosis. With regard to diseases in which retinal vascular 
developmental disorders play a role, the differential diagnosis is discussed in 
part II. For other diseases this is done in part HI. 
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PARTI 
THE NORMAL VASCULATURE OF THE PERIPHERAL RETINA 
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CHAPTER 1 
DEVELOPMENT AND ANATOMY OF THE NORMAL 
VASCULATURE OF THE PERIPHERAL RETINA 
Developmental disorders of the retinal vasculature can be studied only in re-
lation to the normal embryonic vascular development. Structural changes in 
the vasculature of the peripheral retina can be identified only by differen-
tiating them from the normal vascular pattern. 
This is why this chapter discusses some aspects of the normal embryology 
and anatomy of the retinal vasculature which may be of importance for this 
study. 
1.1 Definitions of anatomical boundaries 
To indicate regions and their boundaries in the fundus, I use the system de-
scribed by Rutnin (1967). 
The fundus is divided into a posterior and a peripheral fundus, the bound-
ary between these two being formed by an imaginary circle through the pos-
terior extremities of the vortex veins. These demarcations are as a rule readily 
distinguishable at ophthalmoscopy. 
The peripheral fundus is divided into an equatorial region and an ora serrata 
region. The former is bisected by the equator, which takes its course slightly 
peripheral to the ampullae of the vortex veins. The boundary between the 
equatorial and the ora serrata region is formed by the midline between the 
equator and the ora serrata. 
For a more detailed account of this division of the normal ocular fundus, I 
refer to Rutnin (1967). 
1.2 Development and regression of the hyaloid vessels and the primary 
vitreous 
Very early in the course of embryonic development, shortly after invagina-
tion of the optic vesicle, mesodermal tissue enters the newly formed optic 
cup along with the primitive hyaloid artery, via the foetal fissure. In the fib-
rillar tissue localized between the lens vesicle and the inner layer of the optic 
cup, blood vessels arise from the hyaloid artery to form the foetal intraocular 
blood system. This consists of a network of vessels on the posterior surface of 
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the lens, the tunica vasculose lentis, and the ramifications localized more 
posteriorly in the primary vitreous: the hyaloid vasa propria. On the posterior 
side of the lens the two vascular systems anastomose and, anteriorly along the 
equator of the lens, form anastomoses with vessels of mesenchymal tissue 
outside the optic cup. The latter anastomoses develop to capsulopupillary ves-
sels which are to drain the blood from the vessels of the hyaloid system to 
the annular vessel near the anterior rim of the optic cup. This drainage is 
necessary because the hyaloid artery is not accompanied by a venous system. 
The hyaloid vasa propria attain their maximal development at about the 
40 mm stage ( 10th week), and in this period extend throughout the optic cup, 
but without direct contact with the retinal surface (Mann, 1964). In this 
phase the neuroretina seems to depend mainly on diffusion from the outer 
ramifications of the hyaloid viasa propria. The network of delicate fibrillar 
structures which fills the optic cup and encompasses the hyaloid vessels is 
known as primary vitreous. These delicate fibrils in the foetal eye are found, 
at light-microscopic examination, to show connections with the superficial 
ectoderm of the lens vesicle, the neuroectoderm of the inner layer of the op-
tic cup, and the mesenchymal tissue surrounding the hyaloid artery, respect-
ively. This observation suggests that the primary vitreous is a joint product of 
these three structures (Mann, 1964). 
The retrogression of the foetal hyaloid system begins at about the 50 mm 
stage with gradual atrophy of the proximal segment of the hyaloid vasa prop-
ria, which lose their connection with the hyaloid artery close to the point of 
ramification. Regression of the tunica vasculosa lentis and the hyaloid artery 
follows later in the course of development, but remnants of these vessels as a 
rule persist until the final months of intrauterine development, and some-
times even until after birth. 
Hyaloid remnants are therefore often found in premature neonates (Jones, 
1963), and the same applies to remnants of the anterior portion of the tunica 
vasculosa lentis (Gans, 1959). 
1.3 Development of the choroid of the peripheral fundus 
According to Heimann (1972), the pigmented epithelium in the human em-
bryo is covered at the end of the second month by a dense capillary network: 
the primitive choriocapillaris. This network comprises meridionally arranged 
capillaries which, in the course of further foetal development, gradually move 
towards the surface of the choroid and thus allow the underlying network of 
the definitive choriocapillaris to close. This is a gradual process, from the pos-
terior parts of the choroid in anterior direction, and in fact the definitive 
choriocapillaris near the posterior portion of the ciliary body does not develop 
until the final months of intrauterine development. 
The primordial layer of large vessels which ultimately becomes Haller's 
5 
layer, develops mainly in the 4th month. Sattler's layer, which is made up of 
smaller vessels and localized between Haller's layer and the choriocapillaris, 
develops somewhat later, approximately during the 5th month (Heimann, 
1972). It is not until very late in the course of development (between the 6th 
and the 10th month) that the recurrent ciliary arteries develop; they usually 
arise from the major arterial circle of the iris and grow in posterior direction 
to be ultimately connected with previously established parts of the choroid. 
Some authors believe that these vessels also form direct arterial anastomoses 
with the posterior choroidal arteries (Wybar, 1954; Ring and Fujino, 1967; 
Krey, 1981), but others have been unable to identify such anastomoses 
(Heimann, 1972). 
1.4 Development of the retinal vasculature 
According to Versari (1904), the development of the retinal vasculature be-
gins at the 70 mm stage with the formation of vascular buds from the hyaloid 
artery at the site of the papilla. At the 100 mm stage (4th month), small ves-
sels are visible which are in connection with the hyaloid artery and form deli-
cate ramifications entering the nerve fibre layer of the retina near the papilla. 
These vessels constitute the primordium of the arterial ramifications of the 
future central retinal artery. Ashton (1954, 1957) maintained that this in-
growth of retinal vessels occurs, not through a process of budding from the 
hyaloid artery but by preliminary invasion of primitive mesenchymal cells. 
Figure la. Cross-section through the neuroretina of a 7-month foetus posterior to the 
equator. Small blood vessels are present in the nerve fibre layer (PAS, X 50). 
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As these advance into the retina, they gradually differentiate into endothelial 
cells and form a capillary network from which the adult retinal vessels evolve. 
A network of primitive capillaries grows centrifugally from the papilla into 
the nerve fibre layer of the retina, and the outer zone of advancing capillaries 
is surrounded by the abovementioned mesenchymal cells (Figure la). 
In histological specimens, PAS-positive granules can be found in associa-
tion with this outer zone of growing vessels and the surrounding mesenchymal 
cells (Figure lb). Serpell (1954) identified these granules histochemically as 
glycogen. Another histochemical property was demonstrated by Nilausen 
(1958): the presence of the enzyme alkaline phosphatase in association with 
the mesenchymal cell formation at the periphery of the advancing vascular 
system, the endothelium of the peripheral capillaries and the cells scattered 
between the vessels. These findings are consistent with Ashton's hypothesis 
that the mesenchymal cells in question are precursors of the endothelial cells 
of the immature, newly formed capillaries. 
In man, solid cords are first formed, crevices form between these cords and 
a polygonal network develops as the cords become canalized to capillaries (De 
Oliveira, 1968; Ashton, 1970). Blood cells appear in the newly formed capil-
laries at an early stage. This primitive network of small retinal vessels is gradu-
ally subject to substantial changes, and finally attains the adult configuration 
of blood vessels. 
Figure lb . The same section as in Figure la, at higher magnification. Several nuclei of 
mesenchymal cells are localized in the nerve fibre layer in the zone of growing vessels, 
along with a large number of PAS-positive granules ( X 110) 
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Retraction of many newly formed capillaries is an important component 
of this transformation. This regression and disappearance of elements of the 
immature vascular system is not specific for the retina but a well-known 
phenomenon of vasculogenesis in numerous tissues (Clark, 1918; Wolff et al., 
1975). 
In particular the trypsin digest technique, which makes it possible to study 
the retinal vasculature in flat specimens after enzymatic removal of the other 
retinal structures (Kuwabara and Cogan, 1960), has contributed substantially 
to our knowledge of the foetal development of the vascular system. The re-
traction of immature capillaries was readily demonstrable by this technique 
(Cogan, 1963; Ashton, 1970). 
Studies of the development of the retinal vasculature in cats and rats, in 
which most of the retina is not vascularized until after birth, have demon-
strated a similar phenomenon of retraction and disappearance of parts of the 
immature vasculature (Engerman and Meyer, 1965; Lemmingson, 1966; 
Henkind and De Oliveira, 1967). Some adjacent vessels are separated by 
strands of tissue which Kuwabara and Cogan (1960) described as intercapil-
lary bridges; these are probably remnants of degenerated primitive vessels 
(Engerman and Meyer, 1965). However, the latter authors hold that, at least 
in the rat retina, capillaries also disappear without leaving such intercapillary 
bridges. 
Whereas some parts of the newly formed vascular bed degenerate and dis-
appear, other vessels increase in luminal width and are tranformed into 
vascular branches which come to play a role in the supply or drainage of 
blood to and from various more peripheral capillaries. The mechanism under-
lying this transformation of some primitive capillaries into venules and 
arterioles is obscure, but it seems likely that this process is determined by 
haemodynamic as well as by biochemical factors. 
It is certain that arterial and venous vessels develop from primitive capil-
laries (Shakib et al., 1968), and that the previous theory that retinal capil-
laries develop from veins (Michaelson, 1948) is wrong. 
The more mature parts of the vascular bed are characterized in this way 
by the formation of blood vessels which differ in function and in luminal 
width. The capillary network, too, becomes less dense and assumes a less 
uniform appearance. The most striking changes occur in the capillary net-
work in the immediate vicinity of vessels which have been transformed into 
arterioles. On either side of these arterial vessels, zones develop in which 
capillaries disappear. These capillary-free zones are not primarily present, as 
used to be assumed, but develop due to retraction of capillaries and reduced 
lateral budding from arterial vessels (Engerman and Meyer, 1965). 
The primordium of the capillary network initially forms in the layer of 
nerve fibres and ganglion cells, from which blood vessels subsequently invade 
deeper layers of the retina to form a second plexus of capillaries in the inner 
nuclear layer. Studying rats, Engerman and Meyer (1965) observed degenera-
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tion of many capillanes m the inner layer of the blood vessels durang the 
development of the outer layer of capillanes. 
The network of the retinal vasculature shows steady centrifugai expansion 
based on the formation of new vessels in the zone of transition between the 
vascularized retina and the avascular periphery. Human retinal vessels reach 
the ora serrata on the nasal side by about the 7th—8th month, whereas in the 
temporal portion of the fundus the retina is vascularized only about as far as 
the equator at this time (Cogan, 1963). The delay m vascularization of the 
temporal as compared with the nasal half of the retina has been confirmed by 
several histological and clinical observations in premature infants. 
At indirect ophthalmoscopy the non-vasculanzed part of the retinal peri-
phery manifests itself as a pale zone in premature infants. The presence of 
such a zone therefore signifies that the retinal vascularization is not yet com-
pleted. On the basis of this ophthalmologically visible criterion, Fletcher 
(1955) found that neonates with a body weight of 2000 g as a rule had an en-
tirely vascularized retina. Roth (1970) determined the gestational age of 
mostly prematurely born babies on the basis of various neurological and 
physical findings, and ophthalmoscopically found vascular maturation for the 
first time at 31 weeks. Vascularization was found to be complete in all infants 
with a gestational age of 38 weeks and over. 
The vascularization of the peripheral retina in the eyes of immature and 
premature babies has also been studied histologically (Foos and Kopelow, 
1973, Saga and Uemura, 1977). Foos and Kopelow (1973) found a fully vas-
cularized retina in 10% of the eyes of infants with a gestational age of 28 
weeks, and 70% of the eyes at a gestational age of 36 weeks. These authors 
found a completely vascularized retina in all full-term infants. 
The above shows that the gestational age at which the retinal periphery is 
fully vascularized, can vary widely. Other histological studies have confirmed 
this (Kushner et al., 1977) Distinct differences in the rate of retinal vasculari-
zation between the two eyes in the same individual have been observed but 
are rare (Foos and Kopelow, 1973). 
In eyes with a not yet fully vascularized retina, the peripheral zone of ad-
vancing vasculature proved to show a fimbriated pattern. The peripheral avas-
cular zone was always at its widest in the temporal and superior part of the 
fundus. In several of these eyes, the boundary between the vascular and the 
avascular retina curved abruptly back in central direction near the horizontal 
meridians, thus producing a V-shaped notch A notch of this kind was found 
in 12% of the eyes with immature vascularization (Foos and Kopelow, 1973). 
It indicates incomplete or retarded fusion of the superior and inferior vascular 
complexes near the horizontal meridians, these authors maintain 
Histologically, the avascular part of the normal foetal retina shows cystic 
defects between the processes of Muller cells in the nerve fibre layer These 
cysts are visible at low magnification, not only in fiat-mount preparations but 
also in cross-sections (Figure 2) Some authors have reported the remarkable 
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observation that such cystic changes are not found in eyes with the features 
of retrolental fibroplasia (Kushner et al., 1977). 
The above studies show that the human retina is as a rule fully vascularized 
by the time of birth, and sometimes even before this. This does not mean that 
the retinal vasculature shows an adult pattern at this time, and particularly 
not the peripheral retina, which matures last. According to Cogan (1963), the 
immature configuration at the end of the intrauterine period is clearly visible 
especially in flat-mount preparations of the retina. It is not until about the 
5 th month after birth that the retinal vasculature shows its adult configur-
ation with meshes of varying shape and size, and only about that time are 
mural cells discernible in the vascular walls (Cogan, 1963). 
1.5 Anatomy of the vasculature of the peripheral retina 
The blood vessels of the peripheral retina form a network which is much less 
dense and extends much more in a single plane than is the case in the posterior 
pole. The peripheral retina is considerably thinner than the posterior retina. A 
marked decrease in thickness is particularly noticeable between equator and 
ora serrata; in fact the neuroretina near the ora serrata is only half as thick as 
near the equator (Daicker, 1972). A true three-dimensional configuration of 
the vascular network, as present in the posterior pole, does not exist in the 
Figure 2. Cross-section through the neuroretina in the region of the equator, in the same 
eye as in I- iguie 1. The nerve fibre layer shows cystic spaces between the processes of 
Müller cells. No development of blood vessels is discernible as yet (X 50). 
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peripheral retina (Toussaint et al., 1961). The density of the capillary bed, 
expressed in the total length of capillaries per retinal surface area unit, mark-
edly diminishes from the posterior pole to the periphery, and at the equator 
is about a quarter of the density near the optic disc (Toussaint and Danis, 
1970). Measured at the same distance from the optic disc, the density of the 
capillary bed in the temporal sector proved to exceed that in the nasal sector; 
and somewhat lower density was found in the superior and inferior sectors of 
the fundus (Toussaint and Danis, 1970). 
The outer boundary of the peripheral vascular bed near the ora serrata is 
formed by capillaries, and at some sites by venules, which drain blood from a 
few slightly more centrally localized capillaries. Such venules, which consti-
tute the most peripheral parts of the retinal vascular bed and curve in central 
direction to drain the blood in larger venous branches, are described by some 
German-speaking authors as "Wurzelvenen" (root veins) (Zollinger, 1944; 
Daicker, 1972). Sometimes these vessels extend over a longer distance more 
or less parallel to the ora serrata before curving in central direction. In that 
case they are sometimes referred to as arcade vessels (German: "Arkaden-
venen"). Arcade vessels of great length are rare in human subjects (Daicker, 
1972), but are regularly found in some mammals such as dogs (Mutlu and 
Leopold, 1964). 
The capillary-free zone around the arteries, already observed in the pre-
vious century by His (1980), increases in width towards the periphery of the 
fundus, where it attains a width of about 0.12 mm (Michaelson, 1954). 
1.6 Structure of the retinal vessels and the vitreoretinal juncture of the 
peripheral fundus 
The structure of the individual retinal vessels in the region of the equator, as 
observed at light microscopy in cross-sections of the retina, differs hardly (if 
at all) from that of the vessels in the posterior pole. Spitznas and Bornfield 
(1977) maintain that the capillaries in the extreme periphery of the retina 
have an abnormally wide lumen, but Daicker (1972) observed this only in the 
abovementioned "Wurzelvenen" and arcade vessels. 
A histological peculiarity of the retinal vessels in the extreme periphery of 
the fundus is the presence of a perivascular halo which consists of delicate 
collagen fibrils, basal lamina material, dense bodies, vesicles and parts of 
macrophages (Spitznas and Bornfield, 1977). Luciano et al. (1977) histo-
chemically identified glycoproteins in this halo, which can vary in thickness. 
The blood vessels of the peripheral retina are localized superficially in the 
nerve fibre layer, which in this part of the fundus is thin. As in the posterior 
retina, the blood vessels are surrounded by a continuous envelope of glia 
cells which separates blood vessels from nerve cells. 
The close anatomical relation between the retinal vessels, particularly in the 
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peripheral fundus, and the vitreoretinal juncture is of significance in the 
mechanism by which this juncture, and even the cortical vitreous, develop 
changes in response to vascular disturbances. At light-microscopic examin­
ation the vitreoretinal juncture is distinguishable as a homogenous membrane 
on the inner surface of the retina, this membrane averages 2—3μ in thickness 
and is described as inner limiting membrane. At electron-microscopic examin­
ation this membrane proves to consist of two layers a basal lamina and a 
thicker layer of vitreous fibrils which, on the vitreous side, are connected 
with the basal lamina (Gartner, 1966) The basal lamina is separated from the 
plasma membrane of the glia cells of the retina by a narrow electron-lucent 
space (Foos, 1972). 
The vitreoretinal juncture shows considerable structural differences in dif­
ferent portions of the fundus it is very thin in the region of the ora serrata at 
the site of the vitreous base, and in central direction becomes thicker and 
thicker until it attains 6 times its initial thickness in the posterior pole (Foos, 
1972) 
Aother difference concerns the so-called attachment plaques by which 
the Muller cells are connected with the basal lamina. These plaques are ob­
served only in the peripheral retina but are absent in the posterior pole (Foos, 
1972). 
The vitreoretinal juncture is usually separated from the retinal blood ves­
sels by a glial layer which consists of processes of the Muller cells. This layer 
can be absent m blood vessels localized very superficially in the neuroretina, 
as they often are in the penphery of the fundus In that case there is often a 
direct connection between the vascular wall and the vitreoretinal juncture. 
Such connections can be found in normal eyes, and are therefore also known 
as physiological vitreovascular adhesions (Gartner, 1962b). 
At the level of superficially localized vessels the vitreoretinal juncture 
sometimes shows defects (Foos, 1977) through which processes of glia cells 
can invade the cortex of the vitreous and form local vitreoretinal adhesions 
(Daicker et al., 1977). Similar defects of the basal lamina in the vitreoretinal 
juncture, with local growth of glial tissue to the vitreous space, can also be 
present without any direct relation to retinal blood vessels. They have been 
observed in foetal as well as in adult eyes (Daicker et al., 1977). 
Gartner (1962b) demonstrated light-microscopically that normal retinal 
blood vessels can in some cases even leave the stroma of the neuroretina and, 
over some distance, take an epiretinal course through the vitreous space. 
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CHAPTER 2 
CLINICAL EXAMINATION OF PERIPHERAL RETINAL 
BLOOD VESSELS AND CIRCULATION 
A limited number of methods are available for clinical examination of the vas-
culature and circulation of the peripheral retina. This chapter discusses the 
principal techniques and aids used in this context, with emphasis on the prac-
tical possibilities and limitations of the various methods. 
One difficulty in this respect is that the normal peripheral retina shows 
many interindividual variations. It is consequently not always possible to es-
tablish with certainty whether a slight anomaly should be regarded as a vari-
ant of the normal or as a minima] expression of an (hereditary) affection. 
This uncertainty prevails in particular in the study of families with DEVR. 
It is therefore of importance to determine which vascular phenomena ob-
served in contact lens studies and fluorescein angiography cannot be inter-
preted as normal. 
2.1 Indirect ophthalmoscopy 
Indirect ophthalmoscopy, using either a monocular or binocular instrument, 
is a valuable and widely used method for examination of the peripheral fun-
dus. For examination of patients with only slight vascular abnormalities in 
the peripheral retina, however, indirect ophthalmoscopy has two disadvan-
tages if compared with contact lens biomicroscopy, which is subsequently 
discussed: the magnification of the fundus features is insufficient for ade-
quate visualization of the vascular ramifications peripheral to the equator. 
Magnification can be somewhat enhanced by using a weaker condensing lens 
or positive adapter lenses in the ophthalmoscope, but these measures have 
their limitations. The second disadvantage of indirect ophthalmoscopy is the 
difficulty of assessing the (preretinal) vitreous. 
Since vascular affections of the retina manifest themselves in the inner 
retinal layers and the preretinal vitreous may be involved, it is important to 
use a method which permits adequate examination of the posterior and peri-
pheral vitreous. 
For these two reasons I have preferred to examine my patients and their 
relatives by slit-lamp biomicroscopy, which ensures better visualization of 
details in the fundus and the preretinal vitreous space than does indirect 
ophthalmoscopy. Whenever possible, I have performed the examination 
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bilateraUy in complete mydriasis. Indirect ophthalmoscopy yielded no sup-
plemental findings and consequently was omitted in most cases. It was per-
formed only in cases in which contact lens examination was not feasible. 
2.2 Three-mirror contact lens examination 
The technique of slit-lamp biomicroscopy with the aid of a three-mirror 
contact lens has been described in detail in other publications (Busacca et al., 
1957; Eisner, 1973; Tolentino et al., 1976). The method is superior for a 
study of the peripheral retinal vasculature and the preretinal vitreous. 
For observations on the peripheral fundus, the three-mirror contact lens 
has the great advantage that it eliminates optical aberrations which result 
from the angle of incidence of the beam at the corneal surface. Not only does 
this enhance the definition of the fundus features but it also reduces the rec-
tangular distortion of these features (Niesel, 1975). According to Lotmar 
(1971), astigmatism increases very markedly outside the 80° area even with a 
contact lens. Since indentation reduces the angle of observation for the peri-
pheral fundus, this method is of importance for reduction of astigmatism. 
The definition of details in the peripheral fundus shows considerable dif-
ferences in different eyes. This is due to differences in optical aberrations due 
to the slant of the beam and media turbidities, especially in the peripheral 
vitreous. As a result, the definition of features can differ even in different sec-
tors of the same eye. 
2.2.a The biomicroscopic features of the normal vasculature of the 
peripheral retina 
In the normal fundus, the peripheral ramifications of the central retinal artery 
and vein show an even distribution over the various retinal sectors. The lumi-
nal width of the ramifications steadily diminishes towards the periphery. Bio-
microscopically, it is usually no longer possible to decide whether the vessels 
in the region of the equator are arterial or venous vessels. This can be achieved 
only by following these vessels as far as the posterior fundus. 
Peripheral ramifications of retinal vessels can usually be followed as far as 
the ora serrata region. In the clinical diagnosis of mild cases of DEVR it is im-
portant to establish the presence of small retinal branches in the peripheral 
portion of the equator region and the central portion of the ora serrata region. 
Since the primary lesions of the condition are based on a developmental dis-
order of the retinal vasculature, which becomes manifest in the temporal sec-
tor of the peripheral retina, demonstration of avascularity in this area is an 
important contribution to diagnostic certainty. 
Optimal illumination is of great importance for observation of the most 
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peripheral ramifications of the retinal vasculature. The intensity of illumina-
tion of the slit-lamp should be much higher than that used in examining the 
posterior fundus. The contrast of small retinal vessels against the background 
of the choroid can be enhanced by the use of a green or green-yellow filter, 
but this should not absorb too much light! Indentation makes it possible to 
observe the most peripheral portion of the retina as far as the ora serrata. For 
visualization of the small vascular branches in the peripheral retina, indenta-
tion is of limited value because the blood in these branches is pushed away, 
and this does not exactly enhance their visibility. 
This is why I have made but little use of an indentation funnel in my study. 
Before completion of the contact lens examination, indentation of the sclera 
in the temporal sector was effected in most cases by exerting mild pressure 
with the radial part of the tip of the middle finger, meanwhile ensuring fix-
ation of the three-mirror contact lens between thumb and index finger of the 
same hand. This method can only be used for temporal indentation, which 
for my purpose was usually sufficient. 
Since the capillary bed of the retina cannot be visualized biomicroscopi-
cally, the vascularity of the peripheral retina has to be determined (in this ex-
amination) on the basis of observations on the smaller peripheral arteries and 
venous branches. A suitable method is to identify a relatively large vascular 
branch posterior to the temporal equator, and to follow its ramifications as 
close to the ora serrata as possible. In normal eyes this is usually possible as 
far as about 1—2 disc diameters central to the ora serrata. 
It is not always possible to distinguish retinal vessels as far as the ora ser-
rata region in normal eyes. As already pointed out, optical aberrations or 
delicate turbidities of the media can impede detailed observations. 
In eyes with peripheral retinal degenerative changes — e.g. snailtracks and 
diffuse chorioretinal degeneration, with or without myopia — retinal vessels 
are often biomicroscopically indistinguishable in the affected areas. And in 
fluorescein angiography these areas often show diminished or absent perfusion. 
Although the vasculature of the normal peripheral retina is highly variable, 
abrupt termination of the vascular bed in the equatorial region of the fundus 
(as found in DEVR) is an unmistakable indication of pathology. This finding 
is in fact the principal criterion in differentiating between the affected and 
unaffected members of a family (see Chapter 4). 
2.3 Photography and fluorescein angiography of the peripheral fundus 
There are several methods of making photographs of the peripheral fundus. 
Depending on the method, the following equipment can be used: 
— slit lamp camera and contact lens 
— fundus camera with (wide angle) contact lens objective 
— hand-held fundus camera with interposed condensing lens (indirect 
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method) 
— normal fundus camera without further aids. 
For slit-lamp photography, a mirror contact lens can be used (Klein et al., 
1974). This ensures relatively high magnification but entails a narrow image 
angle. Transscleral illumination of the fundus is possible (Slezak and Kenyeres, 
1975). 
Pomerantzeff (1975) designed a fundus camera with a contact lens objec-
tive to ensure direct contact with the cornea of the eye examined. This camera 
makes it possible to depict the entire fundus as far as the equator at a single 
exposure, but of course at low magnification. 
The technique of fundus photography with a hand-held fundus camera and 
an interposed condensing lens is optically comparable with indirect ophthal-
moscopy. This technique is especially suitable for young children examined 
under anaesthesia (Nagata and Tsuruoka, 1972). 
Photography of the peripheral fundus with a normal fundus camera with-
out further aids requires camera adjustment at an angle with the optical axis 
of the eye. An advantage is that no separate technical adjustments are re-
quired. Another advantage, particularly important for depiction of smaller 
details, is the relatively high magnification. Disadvantages of this technique 
are the relatively narrow angle and the difficult manoeuvres required for pro-
per camera adjustment. A prerequisite with this technique is good cooper-
ation on the part of the patient, who is required to train his eyes in extreme 
directions of gaze without executing interfering movements of the eyes or 
head. To photograph the temporal periphery, the camera has to be pivoted in 
nasal direction, and the anatomy of the patient's nose may in some cases im-
pair this manoeuvre. 
All photographs of the peripheral fundus of patients mentioned in this 
study were obtained by the lastmentioned method. Like all other known 
techniques of photography of the peripheral fundus, it entails considerable 
astigmatism, which increases as the angle between the optical axis of the 
camera objective and the optical axis of the eye examined widens. 
Some fundus cameras have a corrective device to reduce astigmatism (Aan 
de Kerk, 1973). Although a considerable degree of correction can be achieved 
in this way (Busse and Mittelman, 1976), it is impossible to neutralize all the 
optical aberrations due to the slant of the light rays passing through the re-
fracting media of the eye examined. These optical aberrations manifest them-
selves on photographs of the peripheral fundus, even in normal eyes; and, 
particularly on fiurorescein angiograms, they can be confused with perfusion 
disorders. 
The purpose of flurorescein-angiographic examination of the peripheral 
fundus as performed in the persons described in this thesis, was to demon-
strate developmental disorders of the peripheral retinal vasculature. Some of 
the problems encountered in this context were far from small. Apart from the 
abovementioncd optical aberrations and technical problems of access to the 
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equatorial region in some cases, diagnosis was impeded in other cases by the 
extremely peripheral localization of the lesions. The next subsection lists 
several characteristics of the fluorescein angiogram of the normal peripheral 
fundus, and discusses features which should be interpreted as pathological. 
Mention will also be made of some possible artefacts, produced by the 
abovementioned optical aberrations. 
2.3.a The fluorescein angiogram of the normal peripheral fundus 
The characteristics and artefacts to be discussed here were encountered in 
fluorescein angiography performed by the technique we used. Several features 
of the normal fluorescein angiogram of the peripheral fundus obtained by simi-
lar techniques, have been discussed by Sata (1972), Asdourian and Goldberg 
(1979) and Miyakubo and Numaga (1980). 
With the technique used it was usually impossible to depict retinal vessels 
localized peripheral to the midline between equator and ora serrata. 
The fluorescein angiogram of the equatorial region of the normal fundus 
shows the following characteristics: 
Choroid 
— The first filling of the choroidal arteries with fluorescein as a rule precedes 
the filling of the retinal arteries by a few seconds. This finding contradicts 
a report by Archer et al. (1970), who observed approximately simultaneous 
filling. Their angiograms, however, mainly covered the area slightly central 
to the equator, where the difference in time between choroidal and retinal 
filling is less marked, or even absent. 
— The flush of the choriocapillaris is less intensive in the periphery than in 
the posterior pole. Particularly anterior to the equator, the fluorescence of 
the choriocapillaris is substantially less marked than posterior to the equa-
tor. This phenomenon probably results in part from the less intensive cir-
culation in the periphery. It has been established anatomically that the 
structure of the peripheral choriocapillaris is less dense and coarser than 
that in the posterior pole, and that a larger area is supplied from a single 
arteriole (Shimizu and Ujiie, 1976). 
The phenomenon of hypofluorescence of the choriocapillaris anterior to 
the equator is probably accentuated by optical factors. Even in complete my-
driasis it is usually inevitable that part of the incident light from the fundus 
camera fails to enter through the pupil of the eye. Partly because of this, the 
illumination of the most peripheral portion of the fundus is weaker than that 
of the region posterior to the equator, and consequently the peripheral chorio-
capillaris is depicted as relatively hypofluorescent. With a few modern cameras 
it is possible to adapt the shape of the illumination pupil optically to the 
requirements of peripheral fundus photography. 
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We were unable to confirm the report that the peripheral choriocapillaris 
is entirely invisible on the fluorescein angiogram (Bee et al., 1980). 
Retina 
— The blood flow in all vessels of the equatorial retina is significantly slower 
than that in the posterior fundus. This has its consequences for fluorescein 
angiography. The interval between exposures can be longer than in angio-
graphy of the posterior pole, but the series of exposures should be con-
tinued longer. Not infrequently, filling of small peripheral vascular branches 
is still observed even after a full minute. When late exposures are omitted, 
it may be erroneously concluded that a perfusion disorder of the peripheral 
retina is involved. 
— On the fluorescein angiogram, the peripheral vascular bed is less dense than 
that in the posterior pole;and the periarterial capillary-free zones are wider. 
— As a result of the abovementioned optical aberrations, the photograph is 
usually only partly in sharp definition. That part of the photograph that 
depicts the most peripheral part of the fundus usually shows the least 
definition and the least contrast. This phenomenon can produce the er-
roneous impression that the peripheral retina is poorly perfused, or not at 
all. 
The visibility of peripheral retinal vessels on the angiogram can vary widely 
in normal eyes. These differences are in part caused by variations in the 
background fluorescence of the choroid. The darker the latter appears, the 
more readily can the retinal vascular bed be distinguished. 
On the fluorescein angiogram of the peripheral fundus, the following fea-
tures should be regarded as abnormal: 
— Any leakage from retinal vessels. 
— Non-perfusion of the peripheral retina. 
PART II 
DISTURBED DEVELOPMENT OF THE PERIPHERAL RETINAL 
VESSELS 
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CHAPTER 3 
CLINICAL STUDIES OF FAMILIES WITH DOMINANT 
EXUDATIVE VITREORETINOPATHY 
3.1 Materials and methods 
The probands of seven of the nine families with DEVR had been referred to 
our department in view of their eye abnormalities. In none of them had the 
diagnosis DEVR been established pnor to the investigation at our institute. 
The probands of two families (the F family and the I family) were not patients 
of our department. All the members of the various families examined were of 
Dutch nationality. The majority were living m the eastern part of The Nether-
lands. 
The ophthalmological examinations mentioned in this thesis were per-
formed by the methods and with the aid of the equipment specified below. 
Slit-lamp examination 
In most cases this examination was made using the Rodenstock type RD 
2000 slit lamp Contact lens examinations were made with a Haag Streit three-
mirror contact lens according to Goldman Like the photographic and fluore-
scein-angiographic examinations, this examination was performed in maximal 
mydriasis. The mydriatics used were usually 0.5% tropicamide and 5% phen-
ylephrine, administered several times in combination. 
Fundus photography and fluorescein angiography 
For photographic and fluorescein-angiographic examination of the fundus we 
used a Kowa fundus camera type RC-W and a Zeiss fundus camera. For fluore-
scein angiography the Kowa camera was equipped with Spectrotech filters 
type SE-40 and SB-50, and the Zeiss camera with Zeiss filters type 500 and 
520 Some exposures were made with the Canon CF60Z fundus camera. 
Nearly all steroscopic photographs were obtained by making two or more 
exposures in succession and, in the intervals, slightly shifting the camera in 
the horizontal plane. Stereo-pairs were later selected from the available ex-
posures. Photographs of the peripheral fundus were obtained by slanting the 
fundus camera without use of a mirror contact lens or other optical aids. For 
fluorescein angiography generally about 5 ml of a 20% solution of 
sodium fluorescein was rapidly injected into a vein of the forearm. 
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Colour photographs were made on Kodachrome 64 ASA film, with a green 
filter interposed in many instances. Kodak tri X film was used for fluorescein 
angiography. The latter film was developed in Promicrol with the aid of a 
Mafi rotary processor. 
Measurement of visual fields 
The visual fields were examined with the aid of a photometrically standard­
ized Goldmann perimeter (V4 test object: 1000 asb; eyeball illumination: 
31.5 asb). We used only the kinetic method. 
Electroretinography and electro-oculography 
A photoscopic and a scotopic electroretinogram (ERG) was obtained in 
several cases; electro-oculography (EOG) was usually performed in the same 
cases. Apparatus and set-up for this procedure have been described by Thijssen 
et al. (1974). 
Dark adaptation 
Dark adaptation was examined in some cases, using the Goldmann-Weekers 
adaptometer. In all cases dark adaptation of both eyes was examined simul­
taneously in mydriasis. The examination was continued for 25 minutes. 
Colour vision 
Colour vision tests used were the Tokyo Medical College test (TMC), the 
American Optical Hardy Rand Rittler test (AOHRR), the Ishihara test (1970 
version), the New colour test, Panel D-15, desaturated Panel D-15, the Fams-
worth 100 HUE test, and the test with Nagel's anomaloscope (type 11). The 
source of illumination consisted of six Philips fluorescent tubes, colour 57, 
colour rendering index 96, providing 1750 lux at the level of the desk. 
Ultrasonography 
Ultrasonographic examination of the eyeball was performed in a few instances, 
mostly involving eyes whose fundus could not be visually examined due to 
media turbidities. Some eyes with clear media, moreover, were biometrically 
examined. Ultrasonography was carried out with the Kretz unit type 7200 
MA (Α-scan) and the Bronson-Turner unit (B-scan). 
3.2 The A family 
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Introduction 
This was the first family in The Netherlands in which DEVR was diagnosed. 
A family study was performed at the Nijmegen University Department of 
Ophthalmology by Nijhuis, who described some fluorescein-angiographic 
findings obtained in this family (Nijhuis et al., 1979). 
In 1979 and 1980, virtually all affected family members known at that 
time were re-examined by me, along with a number of those in whom no or 
only dubious changes had been found. Ophthalmological examinations were 
also made of a number of persons not previously examined. In this way the 
pedigree was extended. 
Proband V-25 (16-06-56) 
History 
At age 3, this female patient was referred to our Department by the family 
doctor, who suspected a divergent eye position. The child's general health was 
good. There was no history of prematurity or neonatal oxygen administration. 
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Figure 3. Explanation of symbols used in the pedigrees of the families with DEVR (A 
through I). 
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Pregnancy and parturition had been normal. 
Several persons in the family reportedly had eye anomalies: both parents 
had strabismus and reportedly poor visual acuity in one eye. Similar anom­
alies were believed to be present in a number of aunts and paternal cousins of 
this patient. 
Ophthalmological examination (age 3) 
Visual acuity 
Eye position 
Media 
Fundi 
Not accurately determinable. 
Straight. Conspicuously wide positive kappa 
angle. 
ODS: Clear. 
ODS: In both posterior poles abnormal configur­
ation of the retinal vessels with temporal ectopia 
of the macula. No retinal detachment. 
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Figure 5 (V-25). Right eye. Stretched course of the retinal vessels and temporal ectopia 
of the macula. 
Ophthalmological examination (age 8) 
Visual acuity VOD: cyl. — 2.5 axis 0° 0.6. 
VOS: cyl . -3 .0 axis 0° 0.6. 
Ophthalmological examination (age 10) 
Visual acuity VODS: As before. 
Binocular vision Present. 
Media Vitreous turbidities, especially anterior to the 
peripheral fundus OS. 
Fundi ODS: Abnormally stretched course of the retinal 
vessels from the disc to the inferior temporal sec-
tor, with ectopia of both maculae in the same 
direction (Figure 5). In the left posterior pole the 
vascular deformation is more marked than in the 
right, and the features of so-called dragged disc 
have developed (Figure 6). Cicatrices and some 
retinoschisis in the temporal periphery of both 
fundi. 
Ophthalmological examination (age 18) 
Patient had again been referred by her own ophthalmologist, who had found 
severely reduced visual acuity OS due to retinal detachment. 
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Figure 6 (V-25). Left eye. Dragged disc. 
Visual acuity 
Anterior segments 
Fundi 
Therapy 
VOD: S + 0.5/CyI. - 3.5 axis 5° 0.8. 
VOS: Cyl. - 2.5 axis 170° 1/60. 
OD: Normal. 
OS: Some cortical posterior cataract. 
OD: Unchanged. 
OS: Retina detached around the centre of the 
posterior pole, but partly in situ slightly inferior 
to the centre of the posterior pole. This part is 
surrounded by a circular fold of detached retina 
which protrudes in the vitreous (Figure 7). 
Operative treatment of OS does not seem feasible. 
The temporal periphery of the fundus OD is 
treated by Argon laser coagulation in the region 
anterior to the equator, in several sessions. The 
superior nasal sector is likewise coagulated. No 
complications. 
Ophthalmological examination (age 20) 
Visual acuity 
Fluorescein angiogram 
VCD: Cyl . -2.5 axis 5 0.5. 
VOS: 1/60. 
OD: Deformation of the retinal vessels in the 
posterior pole due to traction from the temporal 
periphery and ectopia of the macula, which is 
likewise deformed. Fairly marked diffuse leakage 
from all retinal vessels in and around the posterior 
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Figure 7 (V-25). Stereo-photograph. Left eye, 8 years later. The retina around the centre 
of the posterior pole is elevated in a circular fold. 
V 
Figure 8 (V-25). Right eye. Fluorescein angiogram. Diffuse leakage in the posterior pole 
in the late phase. 
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ERG 
EOG 
Dark adaptation 
Colour vision 
pole (Figure 8). Many coagulation scars are vis­
ible anterior to the equator. No visible neovas­
cularization. 
OD: Scot, b-wave 1 8 0 M V ; O S : 30μν. 
OD: Lp/Dt: 307; Dt: 163μΥ. 
OS: Lp/Dt: 79;Dt:63/iV. 
Binocular: Slightly disturbed cone adaptation. 
OD: Slightly disturbed: too many errors in the 
100 Hue test; the Nagel anomaloscope reveals a 
shift to red. 
OS: Not determinable. 
Course 
In the course of 1977 and 1978, signs of irritation are found in both anterior 
segments, without many subjective complaints. A positive flare is found bi­
laterally, and some cells are found in the aqueous humour. Intraocular pres­
sure is not increased. The symptoms are treated with eye drops (1% dexa-
methasone phosphate and 1% atropine sulphate). 
Visual acuity 
Intraocular pressure 
Anterior segments 
Vitreous 
Ophthalmological examination in January 1980 (age 23) 
VOD: S - 0.5/Cyl. - 2.75 axis 175° 0.5. 
VOS: No light perception 
OD: 12 mm Hg. 
OS: 8 mm Hg. 
OD: Normal. 
OS: Many posterior synechiae. The lens is totally 
cataractous and shows calcifications. 
OD: Filamentous retrolental structure, behind 
which a large optically empty space is visible as a 
result of detachment of a large part of the pos­
terior vitreous membrane. 
OS: Not assessable due to the cataract. 
Fundi OD: The vascular pattern of the posterior pole is 
as previously described, and seems unchanged 
(Figure 5). The attachment of the posterior vit­
reous membrane to the retina is clearly visible 
near the nasal equator. Abnormally stretched con­
figuration of the postequatorial retinal vessels 
with a radial course. The retinal vessels can be 
followed as far as the extreme nasal periphery. 
The vascularization of the temporal periphery of 
the retina is not readily assessable due to many 
coagulation scars. No visible neovascularizations, 
retina] defects or exudates. 
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Fluorescein angiogram 
Ultrasonography 
Therapy 
OD: Features unchanged since October 1976. 
OD: Axis length 21 mm (A-scan) 
OS: Axis length 20mm. Echoes throughout the 
vitreous space. The sclera gives high reflexes sug­
gestive of calcifications. 
For cosmetic reasons the strabismus OS is cor­
rected by retroposition of the external rectus 
muscle (10 mm) and resection of the internal rec-
turs muscle (5 mm). Subsequently the white, cat-
aractous lens is excised. The cosmetic result is 
satisfactory. 
General examination 
No general complaints other than periodical headaches. In view of the eye ab­
normalities the patient was paediatrically examined at age 8; no abnormalities 
were found. The patient is of rather gracile habitus; the maxilla is rather high. 
General physical examination reveals no other abnormalities. 
Internal and haematological 
Radiological findings 
Laboratory findings 
Enzymes 
Electrolytes 
Other serum values 
Coagulation 
Serology 
Oxygen dissociation 
examination (1979) 
Normal chest X-ray. 
ESR 6 mm in one hour. 
Hb 9.2 mmol/1. 
WBC6.5X 109/1;normal differentation. 
Platelets 266 χ 109/1. 
SCOT 16 U/l. 
SGPT 14 U/l. 
LDH normal. 
Alkaline phosphatase normal. 
Na 138 mmol/1. 
К 3.6 mmol/1. 
CI 105 mmol/1. 
НС03 25.0тто1Д. 
Urea 3.3 mmol/1. 
Creatinine 68 дтоі/і. 
Glucose 4.2 mmol/1. 
Protein spectrum normal. 
The bleeding time was increased on two occasions 
and normal on one occasion. Otherwise normal. 
Toxoplasmosis: negative complement fixation 
test and immunofluorescence. 
Normal oxygen affinity of haemoglobin. 
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Summary and conclusion 
A female patient with marked bilateral vitreoretinal changes which at the age 
of about 15 led to traction detachment in the left eye, with subsequent total 
vitreous organization and cataract. Although the primary vascular lesions can 
no longer be accurately assessed due to previous treatments and media tur-
bidities, they are consistent with a diagnosis of severe dominant exudative 
vitreoretinopathy. 
Subject IV-10 (28-04-23) 
History 
The proband's father had reportedly suffered from poor vision in the left eye 
since early childhood. This eye had shown strabismus, for which corrective 
surgery had been performed at an early age. There was no history of pre-
mature birth. 
Ophthalmological examination 
Visual acuity VOD: S 
Cycloplegic refraction 
Intraocular pressure 
Eye position 
Anterior segments 
Vitreous 
Fundi 
2.0 0.6. 
VOS: 1/60, good light projection. 
OD: S - 4.0. 
OS: S+3 .0 . 
OD: 18 mm Hg. 
OS: 14 mm Hg. 
Divergent strabismus OS, about 10°. 
ODS: No abnormalities other than slight cortical 
opacities in the lens of OD. 
OD: Normal structure; Delicate white particles. 
OS: Syneresis. Delicate white particles. Preretinal 
vitreous membrane. 
OD: Abnormal stretching of a few small vascular 
branches which extend from the disc in temporal 
direction immediately above and below the mac-
ula. Many vascular branches terminate abruptly 
just anterior to the temporal equator. The non-
perfused retinal periphery shows slight white 
without pressure. No defects, exudates or neovas-
cularizations. 
OS: The vascular configuration of the posterior 
pole is virtually the same as that in OD. An ir-
regular zone of atrophy of pigment epithelium 
and choriocapillaris is seen temporal to the disc. 
Temporal to the posterior pole, the preretinal vit-
reous contains a membrane which shows some de-
fects and, centra] to the equator, attaches to the 
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Figure 9 (IV-10). Stereo-photograph. Left eye. Attachment of vitreous membrane to the 
retina temporal to the posterior pole. 
retina (Figure 9). In this area the retina contains 
numerous vascular branches, some of which are 
tortuous. These terminate in a slightly meandering 
liminal zone. The retina peripheral to this zone is 
avascular. No retinal defects, exudates or neovas-
cularizations. 
Fluorescein angiogram ODS: Significant leakage from the retinal vas-
cular branches in the temporal equator region. 
Figure 10 (IV-10). Left eye. Late phase of the angiogram shows non-perfusion of the 
peripheral retina and fluorescein leakage from numerous vascular branches in the equa-
torial retina. 
32 
Figure 11 (IV-10). Right eye. Late phase of the angiogram shows some slight leakage 
from macular capillaies and hyperfluorescence of the disc. 
Non-perfusion of the temporal retinal periphery 
(Figure 10). The late exposures show slight leak­
age from capillaries in both posterior poles, es­
pecially around the macula, and striking hyper­
fluorescence of both discs (Figure 11). 
Scotopic b-wave OD: 210д . 
Scotopic b-wave OS: 185μν. 
Photopic b-wave OD: 60μΥ. 
Photopic b-wave OS: 50μν. 
OD: Lp/Dt 233 ; DT 338μΥ. 
OS: Lp/Dt 153;Οΐ450μν. 
Binocular: Subnormal. 
OD: Normal. 
OS: Disturbed: red-green defect HRR. 
Axis length OD: 21.5—23 mm. 
Axis length OS: 21.5-23 mm. 
In both eyes, the eye axis length varies slightly 
when measured at different sites of the posterior 
pole. 
OD: In vertical section the sclera of the posterior 
pole proves to show a strikingly marked curva­
ture. The horizontal section reveals an insufficient 
curvature on the temporal, and a more or less 
normal curvature on the nasal side of the pos­
terior pole. 
ERG 
EOG 
Dark adaptation 
Colour vision 
Ultrasonography 
A-scan 
B-scan 
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OS: In the vertical plane the curvature of the pos-
terior pole is excessive, and in the horizontal sec-
tion the curvature of the sclera is more marked 
on the temporal than on the nasal side. 
Follow-up 
Repetition of the ophthalmological examination and fluorescein angiography 
36 months after the first examination, failed to reveal any significant changes. 
Conclusion 
The vascular changes of both fundi are entirely consistent with a diagnosis of 
DEVR. 
Subject IV-11 
Ophthalmological examination of the mother of V-25 revealed amblyopia of 
the left eye as a result of anisometropia. Both fundi were normal. 
Conclusion 
No manifestations of DEVR. 
Subject V-28( 17-07-64) 
History 
Sustained severe perforation of the left eyeball when falling in glass at the age 
of 1 year. The eye has since become totally atrophic and blind. No history of 
premature birth or neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: 1.25 uncorrected. 
VOS: No light perception. 
Anterior segments OD: Normal. 
OS: Dish prosthesis. 
Vitreous OD: Nothing unusual apart from a few delicate 
white particles. 
Fundi OD: The posterior pole presents an entirely nor-
mal appearance. A few tortuous venous branches 
are visible in the temporal equator region. How-
ever, the vascularization of the equator region 
seems complete, and no circumscribed transition 
to a non-vascularized retinal periphery is visible. 
A small peripheral retinal defect is visible near 
7 o'clock. No other changes are observed. 
Fluorescein angiogram OD: Slightly tortuous vascular branches in the 
temporal sector of the equator; fluorescein leak-
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EGR 
EOG 
Dark adaptation 
Colour vision 
age from small venous branches occurs at some 
sites near 8 o'clock and 9 o'clock (Figure 12). No 
demonstrable disorder of peripheral retinal per­
fusion. The late exposures show no leakage from 
perimacular capillaries, but the disc is slightly 
hyperfluorescent. 
OD: Scotopic b-wave 205 μΥ. 
Photopic b-wave 50μΥ. 
OD: Ερ/Έη219^400μΥ. 
OD: Normal. 
OD: Normal. 
Follow-up 
At ophthalmological examination 36 months after the first examination, 
visual acuity, media and fundus of the right eye were unchanged. The fluore­
scein angiogram was likewise identical. 
Conclusion 
In this 14-year-old boy, whose left eye had been destroyed in an accident, the 
periphery of the fundus OD showed minimal ophthalmoscopic and angio­
graphic lesions which may have resulted from a very slight manifestation of 
DEYR. However, the diagnosis cannot be established with certainty. 
Figure 12 (V-28). Right eye. Fluorescein leakage from a few equatorial retinal vessels in 
the late phase. 
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Subject IV-8( 10-06-19) 
History 
No visual complaints. Good general health. No history of premature birth. 
This subject is the female partner in a consanguineous marriage. 
Ophthalmological examination 
Visual acuity VOD: S + 1.9/Cyl 
Intraocular pressure 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Fluorescein angiogram 
2.25 axis 90 1.0. 
VOS : S + 1.75/Cyl. - 1.75 axis 85° 1.0. 
ODS: 12 mm Hg. 
Straight. 
ODS: Both corneae are somewhat hazy due to 
minimal light scatter in the endothelium. No evi-
dence of cornea guttata. 
ODS: Normal structure. 
ODS: From the disc, the retinal vessels take a 
slightly stretched course to the inferior temporal 
sector, with minimal ectopia of both maculae in 
the same direction. The temporal retinal vessels 
terminate in numerous small ramifications near 
the equator, and peripheral to this the retina is 
slightly whitish and entirely avascular (Figure 13). 
ODS: Significant leakage from the small vessels 
near the temporal equator (Figure 14). Non-per-
fusion of the retina, at least on the temporal side. 
Figure 13 (IV-8). Right eye. Numerous retinal vessels localized in the temporal equatorial 
zone. 
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The avascular zone of the retina extends in cen­
tral direction near the horizontal meridian and 
thus forms a wedge-shaped notch between the 
smallest branches of the superior and inferior 
temporal vessels (Figures 14 and 15). No neovas­
cularization. The early exposures of both pos­
terior poles reveal minimal dilations of the peri-
macular capillaries; late exposures show unmis­
takable leakage from these vessels. Some fluore­
scein leakage is visible also at the discs. 
Visual fields (Goldmann) Slight absolute limitation of the visual field in 
the superior nasal quadrant ODS. 
ERG OD: Scotopicb-wave: ΠΟμΥ. 
OS: Scotopic b-wave: 230μν. 
OD: Photopic b-wave: 50AÍV. 
OS: Photopic b-wave: 50^V. 
EOG OD: Lp/Dt 168;Dt350MV. 
OS: Lp/Dt 148;Dt725MV. 
Dark adaptation Binocular: Slightly subnormal. 
Colour vision ODS: Virtually normal; a few non-specific errors 
in the Panel D-15 test. 
Follow-up 
Examinations of visual acuity, media and fundi, and fluorescein angiography 
of posterior poles and temporal peripheral fundi were repeated after 36 
months. The results were unchanged. 
Tigure 14 (IV-8). Fluorescein angiogram of the same region as in I igure 13. Fluorescein 
leakage from the branches in the zone adjacent to the avascular retina. 
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Conclusion 
Bilateral changes of the retinal vasculature, consistent with a diagnosis of 
DEVR. 
Subject V-16 (09-10-53) 
History 
Visual acuity in the right eye has always been poor. During the school years, 
some time was devoted to treatment by occulsion of the left eye. Strabismus 
operations were performed at age 10 and age 12. The right eye became totally 
blind by about age 20. No history of premature birth or neonatal oxygen ad-
ministration. 
Ophthalmological examination 
Visual acuity VOD: No light perception. 
VOS: S - 1.25/Cyl. - 2.0 axis 20° 0.6. 
Intraocular pressure ODS:12mmHg. 
Eye position OD: Convergent strabismus. 
Anterior segments OD: The iris shows posterior synaechiae. The 
aqueous shows a positive flare and contains cells. 
The lens shows subcapsular posterior and cortical 
cataract. 
OS: Normal. 
Figure 15 (IV-8). Left eye. Fluorescein angiogram shows the same features as in the right 
eye. 
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Vitreous OD: Many turbidities and membranes throughout 
the vitreous space. 
OS: Normal retrolental vitreous structure. Pos-
terior vitreous detachment with condensations in 
the posterior vitreous membrane. 
Fundi OD: Large intraretinal and subretinal exudates 
scattered in the fundus. Particularly in the tem-
poral periphery the retina seems to be lifted (Fig-
ure 16). Further fundus details obscured by 
media turbidities. 
OS: The temporal vascular branches of the retina 
in the posterior pole are slightly stretched. Num-
erous small ramifications of these vessels are 
localized central to the temporal equator. An-
terior to the equator, they terminate in a rather 
meandering liminal zone which demarcates the 
non-vascularized retinal periphery. At the level of 
this juncture, a small exudate is visible near 3 
o'clock. No neovascularizations or retinal defects. 
Fluorescein angiogram OS: Unmistakable leakage from the small retinal 
vessels localized immediately central to the junc-
ture with the avascular temporal retinal periphery 
(Figure 17). Fluorescein leakage also occurs in a 
few more posteriorly localized zones parallel to 
Figure 16 (V-16). Right eye. Large subretinal exudates in the temporal fundus 
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Figure 17 (V-16). Left eye. Late phase of the angiogram shows non-perfusion of the peri-
pheral retina. 
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Figure 18 (V-16). Right eye. Complicated cataract with posterior synechiae. 
Visual fields (Goldmann) 
ERG 
EOG 
Dark adaptation 
Colour vision 
the juncture. Some retinal capillaries at the cen­
tre of the posterior pole show slight dilations. 
Slight fluorescein leakage from these vessels is 
visible in the late phase, when the disc is hyper-
fluorescent. 
OS: Distinctly diminished central sensitivity, and 
slight limitation of the III4 isopter in the nasal 
visual field. 
OD: Not recordable. 
OS: Scotopic b-wave: 300д . 
Photopic b-wave: 90μΥ. 
OD: Reversed polarity: 
OS: Lp/Dt232;Dt VOOjuV. 
OS: Normal. 
OS: Slightly disturbed. Slight shift to red on 
Nagels anomaloscope. 
Follow-up 
The patient was re-examined 36 months later. The lens of the right eye had 
meanwhile become totally cataractous, showing a shrunken anterior lens cap­
sule connected with the iris via synechiae (Figure 18). The fundus could no 
longer be examined. Visual acuity, media and fundus of the left eye were un­
changed, as was the fluorescein angiogram. 
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Conclusion 
Bilateral fundus changes with loss of light perception in the right eye as a 
result of exudative and tractional retinal detachment. The findings are en-
tirely consistent with a diagnosis of severe DEVR. 
Subject V-l8 (07-08-57) 
History 
I did not personally examine this family member, because he was on active 
service as a sailor. In December 1975 he was examined by Nijhuis, who sup-
plied me with the fundus photographs. There were no visual complaints. No 
history of premature birth or neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: 1.0 uncorrected. 
VOS: 1.0 uncorrected. 
Eye position Unknown 
Anterior segments ODS: Normal. 
Vitreous ODS: No distinct abnormalities. 
Fundi ODS: The temporal ramifications of the retinal 
vessels take a slightly stretched course in temporal 
direction. Particularly the temporal sector of the 
peripheral fundus shows extensive white without 
pressure, and some snailtracks in the area anterior 
Figure 19 (V-18). Left eye. The avascular retinal periphery shows white without pressure 
and snailtrack-like lesions. 
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to the equator. Central to these seemingly avas-
cular areas, the retinal vessels terminate in num-
erous ramifications (Figure 19). 
Conclusion 
The vascular changes in both fundi are consistent with a diagnosis of DEVR. 
Subject IV-9 (29-09-21) 
History 
No visual complaints. The birth weight is unknown, but there is no record of 
premature birth. 
Ophthalmological examination 
Visual acuity VOD: S - 1.75/Cyl. - 1.0 axis 125° 0.6. 
VOS: S - 1.0/Cyl. - 1.0 axis 30° 0.8. 
Intraocular pressure ODS:16mmHg. 
Anterior segments Normal 
Vitreous Normal structure, no cells. 
Fundi ODS: Slightly stretched course of the retinal ves-
sels in both posterior poles, and probably some 
ectopia of the maculae in temporal direction. 
The retinal vessels terminate in small ramifications 
peripheral to the equator of both fundi, and the 
extreme periphery of the retina is not perfused in 
this area. The fundus OD contains a small white 
exudate at the level of the equator near 8 o'clock. 
Areas with atrophy of the pigment epithelium 
and choriocapillaries are scattered in the peri-
phery of both fundi. No retinal defects or neovas-
cularizations. 
Follow-up 
At examination 36 months later, visual acuity and the features of both fundi 
were unchanged. 
Conclusion 
Vascular lesions of the retina in both fundi, consistent with a diagnosis of 
DEVR. 
Subject V-23(17-07-57) 
History 
VODS was reportedly slightly diminished from early childhood on. There are 
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complaints of muscae volitantes. No record of premature birth or neonatal 
oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: S 
Eye position 
Anterior segments 
Vitreous 
fundi 
Fluorescein angiogram 
-4.25 0.5. 
2.75 0.5. VOS: S 
Straight. 
ODS: Normal. 
ODS: Slight syneresis. 
ODS: Abnormally stretched vessels in both pos-
terior poles with some temporal ectopia of the 
maculae. In the temporal equator region the 
retinal vasculature terminates in irregular rami-
fications. Some of the terminal ramifications are 
visible as white dendrite-like structures near 9 
o'clock in the right fundus (Figure 20). Non-vas-
cularized retinal periphery of the temporal 
fundus ODS. No exudates or neovascularizations. 
In the left fundus, the extreme periphery of the 
retina in the nasal upper quadrant is likewise 
avascular. 
ODS: Aberrant configuration of the retinal vas-
culature in both fundi and non-perfusion of the 
temporal retinal periphery anterior to the equa-
Figure 20 (V-23). Right eye. The terminal ramifications of the retinal vessels are visible 
as white dendrite-like structures. 
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tor. Near the 9 o'clock meridian OD, the zone of 
aberrant terminal ramifications deviates slightly 
in central direction. The white dendrite-like 
structures in this area are clearly recognizable as 
the extreme ramifications of the retinal vessels, 
which evidently have not occluded completely 
(Figure 21). At one site in the avascular retinal 
zone, delicate vessels arise from the capillaries of 
the liminal zone. Late exposures of the posterior 
pole show hyperfluorescence of both discs but 
no leakage from the macula. 
Follow-up 
Fundi, visual acuity and media remained unchanged throughout a period of 
40 months. 
Figure 21 (V-23). [•'luorescein angiogram of the same region as in figure 20. The sclerosed 
ramifications are partly perfused. At one site, very slender blood vessels enter the avas-
cular retina (arrow). 
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Conclusion 
Bilateral vascular lesions of the peripheral retina, consistent with a diagnosis 
ofDEVR. 
Subject V-24 (18-02-62) 
History 
The left eye has had poor visual acuity and shown divergent strabismus from 
the start. As a child, this patient sustained a small lesion of the right eye 
caused by a glass splinter. The birth weight was 3100 g. There is no record of 
premature birth or neonatal oxygen administration. 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Ophthalmological examination 
VOD: S - 2.0/Cyl. - 1.0 axis 0° 0.8. 
VOS: 1/60. 
The left eye, which is hardly capable of any fix-
ation, shows about 15° divergent strabismus. The 
right eye has an increased positive kappa angle. 
OD: Small corneal scar near the inferior temporal 
limbus. 
OS: Normal. 
OD: Normal. 
OS: The central vitreous is of normal structure 
but contains delicate white particles. Membranes 
extending in the temporal preretinal vitreous 
space attach to a white tissue mass localized in 
the extreme inferior temporal retinal periphery 
and the pars plana. This mass is connected with 
the posterior lens capsule near the equator. 
Fundi OD: Slight inferior temporal ectopia of the 
macula. Temporal to the posterior pole the con-
figuration of the retinal vasculature is aberrant: 
this area comprises numerous ramifying vessels, 
some of which are tortuous. Their smallest 
ramifications terminate abruptly near the equa-
tor. The avascular retinal periphery shows 
evidence of degeneration. No exudates or neo-
vascularizations. 
OS: This fundus shows the classical features of 
a falciform retinal fold. The vessels on the disc 
are distorted in inferior temporal direction. From 
the disc, a raised radial fold of the retina extends 
through the centre of the posterior pole to the 
extreme fundus periphery (Figure 22), where the 
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Figure 22 (V-24). Left eye. Falciform retinal fold. 
duplicature ends in a white tissue mass which is 
connected with the lens equator and the pars 
plana near 4 o'clock. The anterior rim of the ret-
inal fold presents a glittering white appearance, 
but no remnants of hyaloid vessels are visible. 
Several retinal vascular branches form a fold in 
the inferior temporal sector of the posterior pole. 
In this area a vitreous membrane containing a de-
fect attaches to the apex of the retinal fold 
(Figure 23). 
Fluorescein angiogram OD: Exposures of the temporal equator region 
clearly reveal the abrupt terminations of the 
retinal vasculature and non-perfusion of the peri-
pheral retina. Between the extreme ramifications 
of the superior and inferior temporal retinal ves-
sels, a V-shaped avascular retinal area extends in 
central direction (Figure 24). Slightly later ex-
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Figure 23 (V-24). Stereo-photograph. Left eye. Attachment of membrane to apex of 
falciform fold. Several retinal vessels localized in the fold. 
икс, 
EOG 
Dark adaptation 
Colour vision 
posures clearly show leakage from the most peri­
pheral vessels in this region. The disc is hyper-
fluorescent in the late exposures. 
OS: Evident non-perfusion of the peripheral 
retina in the temporal equator region immediately 
superior to the falciform fold. The white tissue 
mass connected with the distal part of the falci­
form fold shows marked fluorescein leakage 
(Figure 25). 
OD: Scotopic b-wave: 315д . 
Photopic b-wave: ΙΟΟμΥ. 
OS: Scotopic b-wave: ЗІОд . 
Photopic b-wave: 70μΥ. 
OD: Lp/Dt 241;Dt425μΥ. 
OS: Lp/Dt 171 ; ϋ ΐ 3 0 0 μ ν . 
Binocular: Normal. 
OD: Normal. 
OS: Not testable due to poor fixation. 
General physical examination 
General health has always been good. General physical examination reveals 
nothing abnormal apart from a slightly elevated palate and some atrophy of 
the ball of both thumbs. 
Radiological examination 
X-rays of the skull and hands reveal no abnormalities. 
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I'igure 24 (V-24). Right eye. Fluorescein angiogram. The retinal vasculature terminates 
in the equatorial zone in small aberrant ramifications. Note the wedge-shaped configur-
ation of the avascular zone. 
Laboratory studies 
Blood Electrolytes, blood gases, liver enzymes, total 
protein pattern and protein, creatinine, choles-
terol and triglyceride values are normal. 
Urine Protein and reduction: negative. Sediment: nor-
mal. Amino acids: normal. 
Immunological studies Lipoproteins, haptoglobin and foetoprotein are 
normal. IgG and IgA are normal. IgM slightly 
increased. 
Haematological studies ESR, Hb and blood count: Norma] values. Foetal 
haemoglobin: 1% (normal). 
Blood coagulation studies: Slightly prolonged Quick and cephalin time at 
first examination. Slightly increased fibrin break-
down products. Subsequently, however, no dis-
tinct abnormalities are found. 
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Follow-up 
The patient was re-examined 38 months after the initial examination. The di-
vergence of the right eye had been cosmetically corrected by a strabismus 
operation performed elsewhere. There was no evidence of progression of the 
ophthalmological abnormalities. 
Conclusion 
Bilateral abnormalities of the retinal vasculature consistent with a diagnosis of 
DEVR, and complicated by falciform retinal detachment in the left eye. 
Subject IV-13(02-11-24)
 v 
History 
No visual complaints. A history ofpremature birth (birth weight about 1500g). 
Reportedly no neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: 1.0, uncorrected. 
VOS: 1.0, uncorrected. 
Eye position Straight 
Anterior segments ODS: Some slight opacities in the anterior and 
the posterior cortex of both lenses. 
Vitreous ODS: Slight syneresis, no cells. 
Figure 25 (V-24). Left eye. Fluorescein leakage from the peripheral tissue mass in the 
late phase of the angiogram. Non-perfusion of the peripheral retina (top right). 
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ODS: Virtually normal configuration of the ret-
inal vessels in both posterior poles. Some tortuos-
ity of the small vessels in the midperiphery of 
both fundi. The temporal fundus periphery in 
both eyes shows no distinct retinal vessels but 
there are no visible defects, exudates or degener-
ative changes. 
OS: Early exposures show minor dilatations of 
the retinal capillaries in the macular region (Figure 
27). The disc is hyperfluorescent and in fact 
shows slight fluorescein leakage in the immediate 
vicinity. 
OD: The late exposures of the temporal equator 
region and posterior pole show the same changes 
as the fundus OS. No neovascularizations. 
Follow-up 
Re-examination (including fluorescein angiography) after 36 months revealed 
no progression of the changes. 
Figure 26 (IV-13). Left eye. Dilatations of macular capillaries. 
Fundi 
Fluorescein angiogram 
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Figure 27 (IV-13). Left eye. Late phase ofthe angiogram showingleakage from capillaries 
in the macular region and on the disc. 
Conclusion 
Bilateral retinal vascular lesions consistent with a diagnosis of DEVR. 
Subject IV-12 (16-06-23) 
History 
The husband of IV-13 is remotely related to her. There are no visual com-
plaints. The birth weight was 4000 g. A genealogical study could not demon-
strate a family relationship between the spouses, but excluded any relation-
ship closer than the 8th degree. 
Ophthalmological examination 
Visual acuity VOD: S + 0.75 1.0. 
VOS: S + 1.5/Cyl. - 0.5 axis 90° 1.0. 
Media ODS: Normal. 
Fundi OD: Slight venous stasis retinopathy with some 
scattered minor retinal haemorrhages. Both fundi 
show moderate sclerotic changes of the arterial 
retinal vasculature. 
Fluorescein angiogram OD: Slightly increased circulation time. Some 
minor leakage of fluorescein from the larger ven-
ous branches in the posterior pole and in the 
macular region. 
OS: No abnormalities in the posterior pole. The 
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temporal equator region in both eyes shows 
normal perfusion of the retina. 
General internal examination 
No changes other than slight hypertension and some obesity. 
Conclusion 
Slight venous stasis retinopathy of the right eye and signs of vascular sclerosis 
in both fundi. No symptoms of DEVR. 
Subject V-29 (26-07-53) 
History 
The left eye is reportedly lazy and has never had good visual acuity. No amb-
lyopia treatment has been given. General health has always been good. Birth 
weight was low (2300 g) but reportedly there was no neonatal oxygen admin-
istration. 
Ophthalmological examination 
Visual acuity VOD: 1.25, uncorrected. 
VOS: 0.16, uncorrected. 
Eye position Straight. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal structure, no cells. 
Fundi ODS: Slightly stretched course of the retinal ves-
sels in both posterior poles, and possibly some in-
ferior temporal ectopia of the maculae. Very 
delicate radial folds in the macular region OS. In 
both fundi the temporal retinal vessels terminate 
in multiple ramifications in the equator region. 
Peripheral to this the avascular retina shows a 
whitish colour (white without pressure). 
Fluorescein angiogram OS: The early phase clearly reveals that the ret-
inal vasculature in the temporal equator region 
terminates in a zone of aberrant, slightly dilated 
terminal branches from which unmistakable leak-
age is visible in the later exposures. Near the 4 
o'clock meridian, this zone deviates slightly in 
central direction. One site shows very intensive 
local leakage immediately peripheral to the ex-
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treme zone of capillaries (Figure 28). The early 
phase shows slightly irregular and dUated capil-
laries in the macular region, from which unmis-
takable leakage is visible after some time. The 
late phase shows hyperfluorescence of the disc. 
OD: Late exposures of the right fundus likewise 
show non-perfusion of the temporal retinal peri-
phery, leakage from capillaries central to this 
area, and leakage in the macular region as well as 
hyperfluorescence of the disc. 
Visual fields (Goldmann) OD: Slight absolute limitation of the nasal visual 
field. 
OS: The superior nasal quadrant shows a marked 
absolute limitation of the visual field which ex-
tends to just within the 20° area. 
Follow-up 
Re-examination of visual acuity, media and fundi (including fluorescein angio-
graphy) after 38 months revealed no signs of progression. 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Figure 28 (V-29). Left eye. Leakage in the liminal zone from peripheral ramifications 
and from one small neovascularization. Note the wedge-shaped configuration of the avas-
cular retinal zone. 
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ligure 29 (V-30). Right eye. Delicate penmacular radial folds. 
Subject V-30 (07-08-54) 
History 
No visual complaints. Birth weight 2800 g. No neonatal oxygen administration. 
Good general health. 
Ophthalmological examination 
Visual acuity VOD: S + 3.0/Cyl. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Fluorescein angiogram 
1.0 axis 140 0.6. 
0.75 axis 20° 0.8. VOS: S + 3.5/Cyl. 
Straight 
ODS: Normal. 
ODS: Normal structure, no cells. 
ODS: In the retina, delicate radial folds are visible 
around the foveola in the centre of both posterior 
poles (Figure 29). The vessels take a slightly 
stretched course in temporal direction, and there 
seems to be minimal ectopia of both maculae in 
the same direction. Some tortuous small vessels 
are visible in the mid-periphery of both fundi. 
The temporal retinal periphery seems to be avas-
cular but shows no degenerative changes. 
ODS: Non-perfusion of the temporal periphery. 
The zone of retinal vessels along the central mar-
gin of the avascular zone shows fluorescein leak-
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Figure 30 (V-30). Right eye. Non-perfusion of the peripheral retina on the fluorescein 
angiogram. 
age (Figure 30). Slight dilatation of a few macu-
lar capillaries, from which unmistakable fluore-
scein leakage is visible in the late phase. Leakage 
is visible also at the level of the discs and their 
immediate vicinity. 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject V-31 (02-09-58} 
History 
No visual symptoms. Birth reportedly premature (birth weight 1500 g). Kept 
in the incubator for some time after birth, but no record of the duration of 
incubator management or oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: S - 4.5 1.0. 
VOS: S - 4 . 0 1.0. 
Eye position Straight. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal. 
Fundi ODS: Normal pattern of retinal vessels in the 
posterior pole in both eyes. The temporal peri-
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Fluorescein angiogram 
phery of the right fundus shows no distinct ab-
normalities, but in the left fundus the retina in 
this region presents a whitish appearance anterior 
to the equator and is avascular. 
The posterior poles are normal. The temporal 
equator region OD shows no distinct changes 
other than a defect in the pigmented layer, but 
the angiogram of this area is not entirely in sharp 
definition. The same region in the left fundus 
does show changes: posterior to the equator a 
fair number of more or less parallel vascular 
branches seem to terminate abruptly. Nowhere, 
however, is fluorescein leakage visible. In the late 
phase both discs are slightly hyperfluorescent. 
Conclusion 
Slight abnormalities in the fluorescein angiogram of the left eye, suggestive of 
incomplete vascularization of the temporal retinal periphery. A diagnosis of 
DEVR is uncertain in this case because the changes can also be a manifest-
ation of slight retrolental fibroplasia. 
Subject V-32 (06-12-61) 
History 
Esotropia was reportedly discovered in infancy and treated by operative cor-
rection at age 5. No amblyopia treatment mentioned. VODS has always been 
good. 
Ophthalmological examination 
Visual acuity VOD: S + 0.5 1.0. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOS: S+ 0.5 1.0. 
Convergent strabismus OS, about 10°. 
ODS: Normal. 
ODS: Bilaterally, the retrolental vitreous is of 
normal structure and contains no cells. In the left 
eye the preretinal periphery of the vitreous space 
contains some delicate turbidities. 
ODS: Normal configuration of the retinal vas-
culature in both posterior poles. Superior and 
tempora] to the macula of the left eye, a pigment 
epitheHum area the size of one disc diameter 
shows atrophy. In both fundi the periphery 
shows various tortuous retinal vessels but no 
other retinal vascular changes. 
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Figure 31 (V-32). Left eye. nuuresteui 
atrophy of the retinal pigment epithelium. 
Fluor cein angiogram. Hyperfluorescent zone due to 
pn i thA l in tn 
Figure 32 (V-32). Left eye. Slight fluorescein leakage in the late phase of fluorescein 
angiography. 
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Fluorescein angiogram 
Visual fields (Goldmann) 
OS The early phase of the posterior pole clearly 
reveals the atrophic area of the pigment epithe-
lium as hyperfluorescent area (Figure 31). Late 
exposures of the temporal fundus reveal tortuous 
vessels with some fluorescein leakage (Figure 32). 
No abrupt transition to a non-perfused retinal 
penphery is fluorographically visible. The late 
phase shows unmistakable hyperfluorescence of 
the disc. 
OD The late exposures of the posterior pole 
show a hyperfluorescent disc but no leakage in 
the macular region. The region central to the 
equator shows no changes other than a few tor-
tuous retinal vessels. There are no exposures of 
the equatorial zone of sufficiently sharp defi-
nition. 
ODS No distinct abnormalities. 
Follow-up 
No evidence of progression was found at re-examination after 39 months 
Conclusion 
Slight bilateral vascular changes in the retinal penphery with fluorescein leak-
age in the left eye, based on a mild manifestation of DEVR. 
Subject V-33 (03-01-66) 
History 
Convergence of the right eye reportedly present since early infancy, with 
poor visual acuity. Strabismus correction at age 4 No amblyopia treatment 
on record The birth weight was 2500 g. Nutritional problems necessitated 
hospitalization for a few days after birth. No record of neonatal oxygen ad-
ministration. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD 1/60, uncorrected 
VOS Cyl. - 0.5 axis 0° 1 0. 
OD Convergent strabismus, about 7°. 
ODS Normal 
ODS Normal structure, no cells 
ODS In both posterior poles the retinal vessels 
take a slightly stretched course in temporal direc-
tion but there is no distinct ectopia of the macu-
lae The pattern of the retinal vasculature m the 
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Figure 33 (V-33). Left eye. Abnormal configuration of retinal vessels in the temporal 
equatorial zone and slight fluorescein leakage in the retina. 
temporal sector of both posterior poles is slightly 
aberrant: relatively many vessels with a fairly 
parallel course are localized in this part of the 
two fundi. Some of these vessels are markedly 
tortuous. No retinal defects, exudates or neovas-
cularizations. 
Fluorescein angiogram OD: The early exposures of the posterior pole 
show no changes apart from a slightly peculiar 
configuration of the retinal vessels; specifically, 
there are no capillary dilatations in the macular 
region. The retinal circulation time is normal. 
The equatorial zone near 9 o'clock shows a fairly 
large number of retinal vessels whose venous 
branches are abnormally tortuous. Some of these 
branches curve near the equator, and several 
show some fluorescein leakage. Avascularity of 
the peripheral retina is not demonstrable fluoro-
graphically. The late exposures of the posterior 
pole show no leakage in the macula but the disc 
is hyperfluorescent. 
OS: Late exposures of the temporal equator 
region show fluorescein leakage from slightly 
aberrant vascular branches. Avascularity of the 
peripheral retina is not demonstrable (Figure 33). 
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Follow-up 
Visual acuity, media and fundi were unchanged at re-examination 36 months 
later. 
Conclusion 
Bilateral peripheral retinal vascular changes, suggestive of a mild manifes-
tation of DEVR. 
Subject IV-16 (13-10-29) 
History 
Visual acuity OD has always been poor. Cataract examination OD at age 27, 
probably for cosmetic reasons. The right eye has been totally blind for some 
years. No history of premature birth. 
Ophthalmological examination 
Visual acuity VOD No light perception. 
Intraocular pressure 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Fluorescein angiogram 
VOS S - 0.5/Cyl. - 2 5 axis 65 . 
OD 21 mm Hg 
OS 20mmHg 
Divergent strabismus, 20°. 
OD Clear cornea. The anterior chamber is of 
virtually normal depth. The ins is atrophic and, 
in part, connected via synechiae with a totally 
opaque white tissue mass which occludes the 
entire pupillary aperture. 
OS Normal. 
OD Not assessable. 
OS Normal structure of the retrolental vitreous 
Anterior to the temporal fundus periphery the 
vitreous shows some delicate condensations 
OS Disc, macula and vessels in the posterior 
pole present a normal appearance Central to the 
temporal equator the retina comprises a slightly 
increased number of vessels of more or less paral-
lel arrangement The antero-equatonal retina 
shows white without pressure Retinal vessels are 
not visible in this area. Anterior to the equator, 
two small retinal defects are visible near the 12 
o'clock position 
OS Near 4 o'clock, the retinal vasculature ter-
minates anterior to the equator in small irregular 
ramifications Irom which fluorescein leaks (Fig-
ure 34) The retina peripheral to this is not per-
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Figure 34 (IV-16). Left eye. Fluorescein angiogram. Tortuous branches in the inferior 
temporal sector of the fundus and non-perfusion of the peripheral retina. 
ERG 
EOG 
Dark adaptation 
Colour vision 
fused. A few small capillary telangiectases in the 
macular region show slight fluorescein leakage. In 
the late phase, the disc is hyperfluorescent. 
OD: Not recordable. 
OS: Scotopic b-wave: 190μν. 
Photopic b-wave: 30д . 
Flicker fusion frequency: 50 Hz. 
OD: Flat type 1. 
OS:Lp/Dt 176;Dt637MV. 
OS: Normal. 
OS: A slight protan defect is found both with the 
anomaloscope and in the Farnsworth 100 Hue 
test. 
Therapy 
Both retinal defects in the periphery of the fundus OS were treated by laser 
coagulation, without subsequent complications. 
Follow-up 
Re-examination after 37 months revealed no signs of progression. The fluore­
scein angiogram showed no abnormalities other than a few scars caused by the 
Argon laser treatment. 
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Figure 35 (V-39). Left eye. Fluorescein angiogram of equatorial zone near 3 o'clock. 
Tortuous shunt vessels between superior and inferior temporal retinal vessels (arrows). 
Conclusion 
Total vitreous organization and retinal detachment OD; vascular lesions of the 
temporal retinal periphery OS with a few retinal defects. The findings are 
consistent with a diagnosis of DEVR. 
Subject V-39 (17-02-55) 
History 
No visual complaints. Good general health. No record of premature birth or 
neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: С - 0.5 axis 170° 1.25. 
VOS: S + 0.75/ Cyl. - 1.5 axis 70° 1.25. 
Eye position Straight 
Anterior segments ODS: Normal. 
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Figure 36 (V-39). Right eye. Numerous vessels terminate abruptly near the temporal 
equator. 
Vjtreous 
Fundi 
Fluorescein angiogram 
Visual fields (Goldmann) 
ODS: Normal. 
ODS: Both posterior poles are of normal appear-
ance. The temporal mid-periphery shows an abun-
dance of retinal vascular branches, some of which 
are tortuous. Peripheral to this, the retina seems 
avascular, but this part shows no degenerative 
changes. 
OS: The early phase shows no lesions of the pos-
terior pole. In the temporal equator region the 
retinal vessels terminate in multiple ramifications 
from which fluorescein leaks. The peripheral 
retina is avascular. A few tortuous shunts be-
tween peripheral branches of the superior and 
the inferior temporal retinal vessels are near 3 o' 
clock (Figure 35). The disc is hyperfluorescent 
in the late phase. No leakage in the macular re-
gion. 
OD: In the temporal equator region the retinal 
vasculature terminates in aberrant, leaking rami-
fications (Figure 36). Late exposures of the pos-
terior pole show slight leakage in the macular re-
gion and disc hyperfluorescence. 
OD: No distinct limitations. 
OS: Slight limitation of the nasal visual field. 
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ERG OD: Scotopic b-wave: 310μν. 
Photopic b-wave: 60μν. 
OS: Scotopic b-wave: 210μν. 
Photopic b-wave: 45μΥ. 
EOG OD:Lp/Dt213;Dt300MV. 
OS: Lp/Dt 217: Dt 288д . 
Colour vision ODS: Tendency to a blue-yellow defect. 
Follow-up 
Re-examination after 34 months revealed no signs of progression. The fluore­
scein angiogram was unchanged. 
Conclusion 
Bilateral retinal vascular lesions consistent with a diagnosis of DEVR. 
Subject V40 (01-03-58) 
History 
No visual complaints other than slightly diminished visual acuity OS. Good 
general health. No record of premature birth or neonatal oxygen adminis­
tration. 
Ophthalmological examination 
Visual acuity VOD: S + 0.5. 0.8. 
VOS: S + 1.5/Cyl. - 1.5 axis 0° 0.6. 
Eye position Straight. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal. 
Fundi ODS: Vascular configuration in both posterior 
poles slightly stretched in temporal direction 
with slight ectopia of the maculae in the same 
direction. On the temporal side of both posterior 
poles, the retina contains numerous vascular 
branches which do not seem to continue to the 
extreme periphery. The retinal periphery shows 
no exudates, defects or pigmentations. 
Fluorescein angiogram OS: The early phase of the posterior pole shows 
no capillary dilatations. The equatorial zone near 
3 o'clock contains an abnormally large number 
of vascular branches which terminate abruptly 
immediately anterior to the equator: local non-
perfusion of the peripheral retina. Leakage of 
fluorescein from these vessels. The late phase 
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Figure 37 (V-40). Right eye. Fluorescein angiogram shows tortuous venous branches and 
leakage in the zone adjacent to the avascular retina. 
shows a hyperfluorescent disc but no leakage in 
the macular region. 
OD: The late phase of the posterior pole and the 
temporal equatorial zone shows the same changes 
as those observed in the fundus OS (Figure 37). 
No signs of neovascularizations. 
OD: Scotopic v-wave: 330μν. 
Photopic b-wave: 70μΥ. 
OS: Scotopic b-wave: 370ßV. 
Photopic b-wave: 55μΥ. 
OD: Lp/Dt 250; Dt 300μΥ. 
OS:Lp/Dt204;Dt300μY. 
Binocular: Normal. 
ODS: Normal. 
ERG 
EOG 
Dark adaptation 
Colour vision 
Conclusion 
Bilateral vascular changes of the retinal periphery, consistent with a diagnosis 
ofDEYR. 
Subject V-41 (23-10-61) 
History 
Patient has been wearing spectacles since age 3. YODS reported to have al­
ways been subnormal. No record of premature birth or neonatal oxygen ad­
ministration. 
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Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: S - 1.25/Cyl. - 1.5 axis 20° 0.6. 
VOS: S - 3.0/Cyl. - 0.25 axis 25° 0.4. 
Straight. 
ODS: Normal. 
ODS: Retrolental vitreous of normal structure, 
without cells. The präretinal vitreous in the tem-
poral fundus periphery shows slight turbidities. 
ODS: In the posterior poles, the small vessels in-
ferior and superior to the macula show no peri-
macular curvature but take an abnormally 
stretched course in temporal direction. Both 
maculae show slight ectopia in the same direction. 
Temporal to both posterior poles, numerous vas-
cular branches are closely packed in the retina. 
Some are very tortuous. These vessels terminate 
abruptly in a whitish zone near the equator. Peri-
pheral to this zone, which is particularly distinct 
in the right fundus, no vessels are visible in the 
retina. In both fundi this avascular retinal por-
tion shows small circular defects. A minor retinal 
haemorrhage is visible in the left fundus near the 
equator at the level of the 4 o'clock meridian 
(Figure 38). No exudates. 
Figure 38 (V41). Left eye. Minor retinal haemorrhage at the level of the most peripheral 
ramifications. 
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Figure 39 (V-41). Right eye. Hyperfluorescence of the disc in the late phase of fluorescein 
angiography. 
Fluorescein angiogram OD: The retinal vasculature terminates temporally 
in aberrant ramifications which leak fluorescein. 
The peripheral retina outside the equator is avas­
cular. Near the 9 o'clock meridian the avascular 
zone even extends locally in central direction to 
a level posterior to the equator. At one site, in­
tensive fluorescein leakage is seen from a small 
neovascularization just outside the zone of the 
terminal ramifications of the retinal vasculature. 
No leakage in the macular region, but the disc is 
hyperfluorescent in the late phase (Figure 39). 
OS: Late exposures of the temporal periphery 
show changes similar to those found in the right 
fundus. Here, too, a large portion of the peri­
pheral retina is non-perfused, and locally the avas­
cular zone even extends to slightly central to the 
equator (Figure 40). No neovascularizations. In 
the late phase the disc is hyperfluorescent. 
ERG OD: Scotopic b-wave: 230μV. 
Photopic b-wave: 30μν. 
OS: Scotopic b-wave: ЗЮд . 
Photopic b-wave: 50μΥ. 
EOG OD : Lp/Dt 190 ; Dt 400μν. 
OS: Lp/Dt 212; Dt 400μV. 
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Figure 40 (V-41). Left eye. Near 3 o'clock, the avascular retinal periphery extends central 
to the equator. 
Dark adaptation Binocular: Normal. 
Colour vision ODS: Normal. 
Follow-up 
Visual acuity, media and fundi were unchanged at re-examination after 37 
months. The fluorescein angiogram was likewise unchanged. 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject ¥-52(05-09-57) 
History 
Since 1972 our department has known this young woman to be suffering 
from severe bilateral proliferative retinopathy of uncertain aetiology. Conver-
gent strabismus OD was diagnosed at age 6; one year later VOD proved to be 
0.3, and extensive fundus changes were found in this eye. General health was 
good. The patient had been prematurely born as one of a pair of twins. The 
twin brother died within a few weeks of birth. The exact duration of the 
pregnancy is not known. The patient's birth weight was 2500 g. After birth 
she was placed in an incubator for a total of six weeks. Her condition during 
this period is reported not always to have been good, and it seems likely that 
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a relatively large amount of oxygen was administered (which concentrations 
and during which periods?). The frequency of blood analyses is unknown, as 
are the values found. The patient's relationship to the previously described 
persons was not discovered until the family study was virtually completed. 
Ophthalmological examination (1972) 
Visual acuity 
Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
VOD: 0.5/60. 
VOS: S+2.5 1.0. 
Convergent strabismus OD. 
OD: 8/7.5 
OS: 8/7.5 (Schlitz tonometer). 
OD: The aqueous humour shows an unmistak-
able positive flare and some cells. Some subcap-
sular cataract formation. 
OS: Normal. 
OD: Strands and membranes. Many cells. 
OS: Normal. 
OD: In the posterior pole there are gross scars in 
the retina, which is partly detached. Haemorr-
hages and fibrovascular proliferations in the tem-
poral periphery. 
OS: The posterior pole presents a normal appear-
ance. Some preretinal haemorrhages are visible in 
the inferior temporal sector. 
Figure 41 (V-52). Left eye. Fluorescein angiogram. The arteriovenous phase shows 
non-perfusion of the retina anterior to the temporal equator and a neovascularization of 
fair' size, supplied by an artery with a wide lumen. 
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Figure 42 (V-52). Left eye. Fluorescein angiogram. A few seconds later than in Figure 
41, intensive leakage from the neovascularization is visible. 
Fluorescein angiogram OS: In the early phase, the retinal vasculature 
near 4 o'clock terminates in small, blind-ending 
ramifications near the equator. Immediately peri-
pheral to this a preretinal vascular proliferation is 
supplied by an arteriole of fair size (Figure 41). 
Intensive fluorescein leakage from the neovascul-
arization within a few seconds (Figure 42). 
Therapy 
Intensive coagulation of the equatorial zone between 2 and 5 o'clock and 
direct treatment of the neovascularization with the Xenon arc coagulator. No 
complications. 
Fluorescein angiogram OS: The coagulations have almost totally des-
(1975) troyed the neovascularizations. The vascular bed 
of the retina is of reduced density central to the 
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Figure 43 (V-52). Left eye. Coagulation has totally destroyed the neovascularization. 
The capillary bed of the retina central to the scars is of abnormal structure and shows 
blind-ending vascular buds. 
coagulation scars. Several capillaries end blindly 
in saccular dilatations or small vascular loops 
(Figure 43). The posterior pole is intact and 
shows no fluorescein leakage in the late phase. 
Further course (until 1980) 
The condition of the retina OS remains good. VOS remains 1.0. Up to 1974 
the right eye has gradually developed total retinal detachment as a result of 
traction and subretinal exudation. There is no longer any light perception. 
General and internal examination. 
An extensive clinical examination was made. General physical examination 
revealed nothing abnormal. Routine haematological and coagulation studies 
yielded entirely normal findings. 
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Conclusion 
The fluorescein angiogram of the left fundus suggests a disorder of the peri-
pheral retinal vascularization, complicated by secondary vascular prolifer-
ations. In the right eye the latter have led to total retinal detachment. The 
vascular lesions may be due to neonatal oxygen administration or result 
from DEVR. It is also possible that both have played a role in the patho-
genesis. 
Subject IV-20 (20-01-29) 
History 
No visual complaints and no record of premature birth or neonatal oxygen 
administration. 
Ophthalmological examination 
Visual acuity VOD: S + 0.75/Cyl. - 0.25 axis 30° 0.8. 
VOS: S + 1.0 1.0. 
Eye position Straight 
Intraocular pressure ODS:15mmHg. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal structure, no cells. 
Fundi ODS: Normal posterior pole. No distinct changes 
at indirect ophthalmoscopy of the periphery of 
both fundi. 
Figure 44 (IV-20). Right eye. Slight leakage in the temporal sector of the retina shortly 
after the arteriovenous phase of the angiogram (arrows). 
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Fluorescein angiogram OD: Early exposures of the temporal equatorial 
zone near 9 o'clock show slight dilatations of 
several capillaries. The capillary network in this 
region is of fairly low density. Soon, there is 
some slight fluorescein leakage from a few capil­
laries and from a segment of a small venous 
branch near the equator (Figure 44). No evidence 
of an avascular zone in the peripheral retina. 
OS: The peripheral exposures are of insufficient 
quality for proper evaluation. As in OD, the disc 
shows some hyperfluorescence in the late phase, 
and there is no leakage in the macular region. 
Conclusion 
Slightly subnormal visual acuity and slight vascular changes of the peripheral 
retina of the right eye. It is possible (but not certain) that the changes repre­
sent a mild manifestation of DEVR. 
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Figure 45. Pedigree of the В family. 
Introduction 
In October 1978 the proband of this family was referred to the University of 
Nijmegen Department of Ophthalmology in view of bilateral total retinal de­
tachment with a very poor prognosis. The fundi of this 14-year-old girl 
showed such distinct abnormalities that we decided to submit the other family 
members to ophthalmological examination. In the proband's mother and her 
older brother and sister, this examination disclosed unmistakable changes 
which confirmed a diagnosis of DEVR. Unfortunately, we failed to convince 
the parents of the importance of examining the remaining children. 
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Proband Ш-5 (11-07-64) 
History 
This 14-year-old girl was transferred to our department from another univer­
sity hospital, for operative treatment of bilateral retinal detachment. She was 
reported to have had visual complaints since no more than a month. Previously, 
the parents had never noticed anything out of the ordinary so far as her eyes 
or eyesight were concerned. The eldest brother reportedly had one blind eye, 
but no other eye abnormalities were said to exist in the family. During an in­
terview with the parents, they were found to show a marked tendency to dis­
simulate ailments. The history was consequently regarded as unreliable. The 
girl's general health was believed to be good, apart from complaints about 
headaches. There was no record of premature birth or neonatal oxygen ad­
ministration. Apart from medication with prednisone (40 mg every other day) 
and amoxicillin (3 χ 375 mg/day), the girl had received no medication or oper­
ative ophthalmological therapy prior to admission to our department. 
Ophthalmological examination 
Visual acuity VOD: Light perception 
Intraocular pressure 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOS: 1/60. 
OD: 7 mm Hg. 
OS: 10 mm Hg. 
Divergent strabismus OD; no nystagmus. 
ODS: The corneae are clear. The vitreous con­
tains cells and shows a flare (Tyndall phenome­
non). The lenses are clear and show no luxation. 
ODS: The vitreous contains many pigment part­
icles and cells. Many membranes are visible 
throughout the vitreous space, but especially in 
the preretinal part. 
OD: Total detachment of the retina, which pro­
trudes into the central part of the vitreous 
space. Between 11 and 1 o'clock, the retina 
shows a very large rupture from the extreme fun­
dus periphery to immediately superior to the pos­
terior pole. The cential boundary of this rupture 
is a thick ridge of curled-up retina (Figure 46). 
Particularly in the inferior quadrant, the retina 
shows whitish structures and is thickened, prob­
ably as a result of glia proliferations. The vascular 
pattern temporal and inferior to the posterior 
pole is abnormal: there are stikingly numerous 
tortuous retinal vessels with a more or less parallel 
course (Figure 47). It is difficult to observe the 
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Figure 46 (III-5). OD. Large retinal rupture in the superior quadrants. 
retinal vessels in the temporal fundus periphery, 
due to preretinal vitreous membranes in this re-
gion. No distinct exudates of vascular prolifer-
ations are visible. 
OS: Like OD, this eye shows total detachment of 
the retina, which protrudes into the vitreous space 
superior and inferior to the posterior pole. The 
centre of the retina shows a fairly flat detachment. 
Around the posterior pole the posterior vitreous 
seems detached. Along the boundary of this de-
tachment there is pronounced traction due to 
fibrous organization of the posterior vitreous 
membrane. The temporal retinal periphery shows 
striking vascular lesions: numerous vascular 
branches terminate abruptly slightly central to 
the equator. From this site arise large, sea fanlike 
vascular proliferations localized anterior to the 
peripheral retina. Some of these have caused mi-
nor haemorrhages (Figure 48). In some areas 
these neovascularizations show distinct fibrotic 
organization. The temporal retinal periphery, so 
far as visible, is avascular. Large subneuroretinal 
exudates are visible in the temporal and superior 
nasal areas (Figure 49). No distinct retinal de-
fects are visible. 
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Figure 47 (III-5). Stereo-photograph OD. Total retinal detachment. The course of the 
retinal vessels is strikingly parallel. 
ERG As expected in total retinal detachment, responses 
are hardly recordable. Only from the left eye can 
minimal potentials be derived. 
EOG OD: Lp/Dt 116. 
OS: Lp/Dt 108. 
Ultrascanography A-scan and B-scan confirm total retinal detach-
ment with extensive vitreous membranes. 
General physical examination 
History No complaints apart from intermittent headaches. 
Figure 48 (111-5). Stereo-photograph OS. Large neovascularizations arise from the central 
boundary of the avascular retina. The vessels extend anterior to the retina, 
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Figure 49 (III-5). OS. Composition of the vascular changes in the inferior temporal quad-
rant. Large subretinal exudates are partly visible (top). 
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Examination 
Radiology 
ECG 
Laboratory findings 
Plasma electrolytes 
Serum levels 
Enzymes 
Hb electrophoresis 
Total protein 
Serum protein spectrum 
AST 
Rose test 
Latex 
ANF 
Toxoplasma 
Toxocara 
Ascaris 
Mantoux test 
Reportedly no serious illness in the patient's his­
tory. Family: Hypertension reportedly exists in 
the mother's family. 
A slender, rather slight girl without conspicuous 
features in general habitus. Blood pressure 140/ 
85 (RR); pulse rate 80/min, regular. Head and 
neck: Small congenital haemangioma of the 
lower lip on the right side. The teeth are carious 
despite dental care during the previous stay in 
hospital. A few teeth have been extracted. Chest: 
Apart from a soft systolic souffle which seems 
functional, no cardiac or pulmonary changes. Ab­
domen: Normal. Spine: Lumbar scoliosis. Ex­
tremities: Normal. 
Chest X-ray: Normal. Dentition: No changes of 
mandibular or maxillary dentition other than ab­
sence of a few teeth. Paranasal sinuses: Normal. 
Orbits: Normal. 
No distinct changes other than a slightly short­
ened R-S time. 
Leucocyte count 7000/mm3 
ESR 3 mm in the first hour. 
Hb9.2mmol/l. 
Haematocrit 0.44 
Platelets 228 000/mm3. 
Differentation: neutrophils 57, eosinophils 2, 
basophils 1, lymphocytes 39, monocytes 1. 
Na 140. К 4.38. Cl 102. HCO3 30. 
Glucose (fasting) 4.4mmol/l. Urea 5.15mmol/l. 
Creatinine 57mmol/l. 
CPK 2 U/1. LDH 161 U/l. Alkaline phosphatase 
108 U/l. 
No abnormal haemoglobin demonstrable. 
69g/l. 
Normal. 
300 U. 
Negative. 
Negative. 
Negative. 
Immunofluorescene negative. Complement fix­
ation test negative. 
Complement fixation test negative. 
Complement fixation test negative. 
Negative. 
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Urine Glucose negative. Acetone negative. 
24-hour urine Creatinine 6.7mmol/l. Homocystine negative. 
Hydroxyproline 494/imol/l. 
Coagulation studies Bleeding time (Ivy): 2 min 1 sec — 3 min 55 sec — 
2 min 58 sec. 
Coagulation time (Lee-White): 6 min 25 sec -
6 min 35 sec — 7 min 6 sec. 
Thromboplastin time (Quick): 13 sec - 13 sec. 
Thrombotest (Owren): more than 100%. 
Cephalin-kaolin time (Langdell-Margolis): 30 sec 
- 29 sec. 
Fibrinogen content (Clauss-Vermijlen): 
3555 mg/1. 
Thrombin time: 24 sec — 23 sec. 
Therapy 
An operation was performed on the right eye 10 days after admission. Via the 
pars plana, a vitrectomy was performed at which the many tough vitreous 
strands were removed. Again via the pars plana, silicon oil was then introduced 
into the vitreous space. At the same time, subretinal fluid was drained off via 
a puncture in the equatorial sclera near the 9 o'clock position. During this 
procedure, silicon oil leaked through the large retinal defect, and unfortun-
ately this subretinal oil could not be properly removed. The subretinal silicon 
oil caused persistence of virtually total retinal detachment after the operation. 
In view of the poor prognosis of a second operation, this was not performed. 
An operation on the left eye was contemplated but, after discussion of the 
chances with the parents, not performed. Shortly after discharge from our 
hospital, the patient was transferred to a home for visually handicapped 
children. 
Subject 111-2(30-03-55) 
History 
This 23-year-old eldest brother of the proband reportedly had had poor visual 
acuity in the left eye from the start. By about age 7, the left eye was reported 
to have become totally blind. As long as the patient can remember, VOD has 
never been adequate and may have further diminished in the past few years. 
In the course of childhood an ophthalmologist prescribed correcting spec-
tacles. No ophthalmological treatment of any kind has been given. The pre-
viously established diagnosis is unknown. Birth weight is unknown but there 
is no record of premature birth or neonatal oxygen administration. At age 17 
the patient was hospitalized, reportedly for meningitis. Moderate hyper-
so 
Figure 50 (III-2). OS. Totally cataractous, atrophic lens. 
tension was diagnosed a few years before we saw this patient, and for this 
reason he was using Moduretic and Temesta tablets. 
Oph thalmological. examination 
Visual acuity VOD: S - 6.5 0.5. 
VOS: no light perception. 
Intraocular pressure ODS:12mmHg. 
Eye position Divergent strabismus OS. No nystagmus. 
Anterior segments OD: Normal. 
OS: Incipient band keratopathy near the corneal 
limbus. The aqueous humour shows no flare and 
contains no cells. The pupil shows no direct res-
ponse to light. There is some atrophy of the pig-
mented layer of the iris, but no synechiae are 
visible. The lens is totally cataractous, and shows 
atrophy of the anterior lens capsule and calcifi-
cations (Figure 50). As a result of this atrophy, it 
is possible to look past the superior nasal side of 
the lens into the vitreous space. 
Vitreous OD: there is a rather ropey structure with some 
liquefaction. The posterior vitreous membrane is 
detached from the retina and shows delicate circ-
ular opacities. 
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Figure 51 (ΙΠ-2). OD. Fluorescein angiogram. Composition of the temporal equatorial 
zone shows numerous vascular ramifications ending abruptly. Fluorescein leakage from a 
small neovascularization. 
OS: Only the superior nasal part of the anterior 
vitreous space can be observed. Here, the vitreous 
shows cells and a thick fibrovascular tissue mass. 
Fundi OD: The choroid shows an atrophic area on the 
temporal side of the disc. The temporal vascular 
branches take a strikingly stretched course from 
the disc, radiating to the fundus periphery. The 
macula shows slight ectopia in the inferior tem­
poral sector, numerous closely packed branches 
of retina vessels are visible. At the level of the 
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Fluorescein angiogram 
Ultrasonography 
equator these branches terminate abruptly (non-
vascularization of the peripheral retina). The 
boundary between the vascular and the avascular 
part of the retina meanders slightly and roughly 
follows the course of the equator. In the superior 
and in the inferior part of the fundus, this boun-
dary gradually extends in the direction of the ex-
treme periphery, where it disappears from view. 
There are no defects or exudates. 
OS: This fundus is not adequately visible due to 
the media opacities. 
OD: The above described abnormal vascular pat-
tern in the inferior temporal quadrant of the ret-
ina is readily visible (Figure 51). The vasculature 
terminates abruptly in delicate irregular ramific-
ations showing dilation of some capillaries, from 
which fluorescein is seen to leak in the late phase. 
The peripheral retina shows no perfusion whatso-
ever in the area photographed. Pigmented layer 
and choroid show no changes in the peripheral 
fundus. Just outside the most peripheral zone of 
the retinal vessels there is a small network of neo-
vascularization from which fairly marked fluore-
scein leakage is seen. The late phase shows very 
slight fluorescein leakage in the centre of the pos-
terior pole. 
OD: The axis length is 28 mm (A-scan). 
OS: The axis length is 20 mm. The entire vitreous 
space contains organizations in which the retina 
can no longer be identified. The sclera of the pos-
terior pole is thickened and contains calcium. 
General condition 
A few months prior to the last ophthalmological examination the patient was 
admitted to a department of internal medicine with acute arthritic symptoms 
and fever. An exhaustive examination failed to elicit the cause of the acute 
polyarthritis. This examination disclosed no congenital abnormalities or any 
other changes possibly related to his eye condition. 
Therapy 
At the hospital in his place of residence the patient was treated on several oc-
casions by Argon laser coagulation in the temporal periphery of the right fun-
dus. No complications developed. 
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Course 
We saw this patient again about two years after our first examination. Visual 
acuity was unchanged. In the temporal fundus periphery the avascular part of 
the retina contained several coagulation scars. The small neovascularization 
was no longer visible. The fundus features were otherwise unchanged. We dis­
cussed the possibility of a cosmetic lens extraction, with anterior vitrectomy 
if necessary, and correction of the strabismus OS. 
Conclusion 
Dominant exudative vitreoretinopathy. Severe proliferative vitreous organiz­
ations with total retinal detachment OS. 
Subject III-l (27-03-54); 
History 
No visual complaints. No record of ophthalmological examination. Birth 
weight unknown. No history of premature birth or neonatal oxygen admini­
stration. Good general health. 
Ophthalmological examination 
Visual acuity VOD: С - 0.25 axis 0° 0.8. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Fluorescein angiogram 
VOS: С - 0 . 5 axis 0 0.8. 
Straight. 
ODS: Normal. 
ODS: Normal structure of the retrolental vitreous, 
although it contains some cells. Slight vitreous 
opacities immediately preretinal in the temporal 
periphery of both fundi. 
ODS: Slightly abnormal configuration of, in par­
ticular, the temporal branches of the retinal ves­
sels in the posterior pole: the normal curvature 
round the posterior pole is slightly diminished, 
and the maculae show some ectopia in temporal 
direction. The temporal retinal periphery shows 
no retinal vasculature. No exudates or retinal de­
fects. 
OD: In the temporal equatorial zone, the retinal 
vasculature terminates in short aberrant ramific­
ations from which some fluorescein leaks. No ab­
normalities of the pigmented layer and choroid. 
No leakage in the macular region, but the disc 
shows marked hyperfluorescence in the late 
phase (Figure 52). 
OS: The temporal retina is perfused only as far as 
S4 
Figure 52 (III-l). OD. Late phase of the angiogram shows hyperfluorescence of the disc. 
The retinal vasculature is slightly deformed. 
the equator. The most peripheral zone of the vas-
culature consists of aberrant vascular loops and 
blind-ending small vessels which are often slightly 
dilatated and leak fluorescein (Figure 53).Out-
side this area the avascular retina shows a small 
cicatrix of the pigmented layer, but no other 
changes of RPE and choroid are visible. The disc 
shows marked hyperfluorescence in the late 
phase, but there is no leakage in the macular 
region. 
Visual fields (Goldmann) ODS: Slight limitation of the III-4 isopter in the 
inferior nasal quadrant. No other changes. 
Ultrasonography ODS: Axis length of both eyeballs 23 mm (A-
scan). Normal curvature of the posterior pole. 
Conclusion 
Unmistakable symptoms of DEVR in the fundus periphery ODS. No compli-
cations. 
Subject 11-2(27-05-34) 
History 
This 44-year-old mother of the proband had no history of visual complaints; 
there was no record of previous ophthalmological examination. 
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Figure 53 (III-l). OS. The angiogram shows aberrant ramifications of retinal vessels cen-
tral to the zone of non-perfusion. 
Ophthalmological examination 
Unfortunately, a complete ophthalmological examination could not be made. 
The examination was limited to indirect ophthalmoscopy of the fundus. 
Colour photographs of the fundi were also made. On the basis of the findings 
thus obtained, however, DEVR could be diagnosed with certainty. 
Fundi In the posterior poles of both fundi the temporal 
branches of the central retinal artery and vein 
show an abnormally stretched course in temporal 
direction. Both maculae show some ectopia in in-
ferior temporal direction (Figure 54). The disc 
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Figure 54 (II-2). OS, Stretched vessels in the posterior pole of the retina and slight ectopia 
of the macula. (The dark spot above the macula is a photographic artefact.) 
OD shows a temporal cone. The peripheral retina 
ODS is not completely vascularized on the tem-
poral side. The avascular part contains delicate 
pigmentations. Central to the equator, the inferior 
temporal vascular retina shows a fair sized tear. 
At the site of this defect, the retina is lightly ele-
vated by traction (Figure 55). No visible neovas-
cularizations or subretinal exudates. 
Figure 55 (II-2), Stereo-photograph OD. Retinal tear central to the equator in inferior 
temporal quadrant. 
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Course 
Further examination or treatment was impossible due to lack of motivation 
on the part of the patient. 
Conclusion 
Unmistakable bilateral retinal vascular changes consistent with a diagnosis of 
DEVR. Horseshoe tear in the retina OD. 
3.4 The С family 
Figure 56. Pedigree of the С family. 
Introduction 
The proband of this family was identified by chance during the study of the 
A family. The proband's father (IV-2 in the pedigree of the A family) showed 
no distinct symptoms of DEVR, but the proband's mother was found to 
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show unmistakable symptoms of DEVR in both eyes. A relationship between 
the proband's mother and the A family was not demonstrable through three 
preceding generations. This is why a separate pedigree was composed. Con­
sequently the code of the proband of the С family and his mother's code 
differ from their respective codes in the pedigree of the A family (vide infra). 
It is quite possible that the A family and the С family are related via ancestors: 
both families come from the same region in The Netherlands, which until 
recently has been rather isolated. No exhaustive genealogical study of the two 
families has so far been performed. 
Proband I ¥-28(18-04-56) - Code in the A family: V-2 
History 
No visual complaints. Ophthalmological examination was performed in view 
of a blood relationship to the A family via the father, No record of premature 
birth or neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: S + 0.5. 1.25 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Fluorescein angiogram 
VOS: S+ 0.5. 1.25 
Straight. Positive kappa angle. 
ODS: Normal. 
ODS: Hyaloid canal clearly visible due to delicate 
condensations. Vitreous structure otherwise nor-
mal. No signs of a persistent hyaloid artery. 
ODS: Disc and macula present a normal appear-
ance. The configuration of the retinal vessels in 
the posterior pole is normal. Both maculae are 
localized slightly superior to the horizontal meri-
dian through the disc centre, but there is no dis-
tinct ectopia. Numerous ramifications of retinal 
vessels are localized in the area central to the tem-
poral equator. The arterioles in this area show a 
decidedly stretched course, and several venules 
are abnormally tortuous. These vessels terminate 
abruptly anterior to the equator, leaving the peri-
pheral retina avascular at this site. The nasal peri-
phery of the retina shows an intact vasculature. 
No exudates, neovascularizations or defects of 
the retina. 
OD: The early phase reveals no changes in the 
posterior pole. The temporal retinal periphery is 
not perfused. An arteriovenous anastomosis ex-
tends over a short distance along the boundary 
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Figure 57 (IV-28). OD. Some fluorescein leakage in the late phase of the angiogram from 
a few arterioles central to the equator. Some tortuous venous branches. Note the arterio-
venous anastomosis (arrow). 
between the avascular and the vascular retina 
(Figure 57). Fluorescein leakage in the liminal 
zone is slight. The disc is hyperfluorescent in the 
late phase. 
OS: The abnormal configuration of retinal vessels 
and the tortuous course of some venules are 
clearly visible (Figure 58). The slightly more peri-
pheral exposures show the termination of the ret-
inal vessels anterior to the equator, and fluore-
scein leakage from these vessels. The disc is very 
hyperfluorescent in the late phase, and there is 
even some fluorescein leakage in the surrounding 
retina (Figure 59). 
Conclusion 
Unmistakable vascular changes in the temporal retinal periphery ODS, con-
sistent with a diagnosis of DEVR. 
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Figure 58 (IV-28). OS. Fluorescein angiogram reveals tortuous venous branches. 
Figure 59 (IV-28). OS. Marked hyperfluorescencc of the disc in the late phase of the 
angiogram. 
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Subject UI-W (27-06-27) - Code in the A family: IV-3 
History 
No visual complaints. Strabismus corrected in childhood (preoperative eye 
position and type of operation unknown). Birth weight unknown, but no 
record of premature birth or neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: S + 5.0/Cyl. - 2.0 axis 15 0.6. 
VOS: S + 4.5 0.8. 
Straight. Wide positive kappa angle. 
ODS: Normal. 
ODS: Normal structure, no cells. 
ODS: In the posterior poles the temporal vascu-
lar branches take an abnormally stretched course 
in temporal direction. Both maculae show some 
ectopia in temporal direction. The retina be-
tween the posterior pole and the temporal equa-
tor contains an abnormally large number of ves-
sels with a strikingly parallel course. Several ven-
ules in this area are abnormally tortuous. Slightly 
peripheral to the temporal equator, the retinal 
vessels terminate in aberrant ramifications, which 
form a circumscribed zone adjacent to the avas-
cular part of the retina localized peripheral to 
them. The avascular retina shows some white 
without pressure. In OS, the inferior temporal 
sector of this part of the retina shows a few small 
exudates, immediately peripheral to the terminal 
ramifications. There are no retinal defects or neo-
vascularizations. 
Conclusion 
Unmistakable bilateral peripheral retinal vascular changes consistent with a 
diagnosis of DEVR. 
Subject 111-3(24-09-19) 
History 
No visual complaints. Birth weight unknown. No record of premature birth. 
Ophthalmological examination 
Visual acuity VOD: 1.0, uncorrected. 
VOS: 1.0 with correction (refraction unknown). 
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Eye position 
Anterior segments 
Vitreous 
Fundi 
Straight. 
ODS: Normal. 
ODS: Normal. 
OD: Normal posterior pole. In the temporal eq-
uatorial zone between 8 and 10 o'clock there are 
numerous small retinal vessels, taking a more or 
less parallel course in radial direction. The small 
venous branches in this area are very slightly tor-
tuous. Anterior to the equator, the vessels in this 
area cannot be followed entirely. There are no 
exudates or defects in the retina. 
OS: Normal posterior pole. Posterior to the tem-
poral equator, between 2 and 4 o'clock, abnorm-
ally numerous small retinal vessels take a radial 
course. The small venous branches in this area are 
abnormally tortuous. The retinal vessels termi-
nate abruptly peripheral to the equator. At 3 o' 
clock the boundary between the vascular and the 
avascular part of the retina shows a wedge-shaped 
notch, where the latter part extends farther in 
posterior direction. Many delicate superficial pig-
mentations are visible in the avascular retinal 
periphery. As in OD, the nasal retinal periphery 
(so far as visible) is normally vascularized. No ret-
inal defects, exudates or neovascularizations. 
Conclusion 
Slight peripheral fundus changes ODS, consistent with a diagnosis of uncom-
plicated DEVR. 
Subject IV-7( 12-11-50) 
History 
No visual complaints. Birth weight was about 2250 g. No record of neonatal 
oxygen administration. Patient is one of a pair of dizygotic twins. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: 0.6..uncorrected. 
VOS: S -2 .25 0.8. 
Straight. 
ODS: Normal. 
ODS: Normal structure, no cells. 
ODS: Normal appearance of the posterior poles. 
Central to the temporal equator the small retinal 
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vessels show a somewhat stretched course with 
some multiple ramifications at the level of the 
equator. Peripheral to the temporal equator, no 
abruptly terminating vascular branches are visible, 
but the luminal width of the vessels in this area 
may have been too small to render them visible 
with the contact lens. The fundus periphery 
shows no pigmentations, defects or other lesions 
of the retina. 
Conclusion 
Slightly abnormal VODS, anisometropia and very slight anomalies of the ret-
inal vasculature of the peripheral fundi. The findings are suggestive, but not 
conclusive, of a very mild manifestation of DEVR. 
Subject IIM (31-10-22) 
History 
No visual complaints. Good general health. Birth weight unknown. 
Ophthalmological examination 
Visual acuity VOD: 1.0, uncorrected. 
Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
VOS: 1.0, uncorrected. 
Straight. 
OD: 14 mm Hg. 
OS: 15 mmHg. 
ODS: Normal. 
ODS: No anomalies apart from slight liquefac-
tion. 
ODS: Slightly abnormal configuration of the ret-
inal vessels in the posterior poles: the temporal 
branches take a slightly too stretched course 
from the disc. The maculae seems slightly ec-
topic. Temporal to the posterior poles there are 
fairly numerous ramifications of somewhat pecu-
liar orientation. In the fundus OD, a large ramifi-
cation of the superior temporal artery traverses 
across the terminal ramifications of the inferior 
temporal vein (Figure 60). In the temporal retinal 
periphery the vasculature terminates peripheral 
to the equator in both eyes. The nasal periphery 
shows intact vascularization. No exudates, defects 
or neovascularizations in the peripheral retina. 
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Figure 60 (Ш-4). OD. Abnormal configuration of retinal vessels temporal to the posterior 
pole. A ramification of the superior temporal artery traverses across ramifications of the 
inferior temporal vein (arrow). 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject IV-I2 (23-08-55) 
History 
Poor VOD from the start. In infancy, occlusion treatment OS for a few 
months, but without success. No strabismus correction by operation or cor­
rective spectacles. No record of premature birth of neonatal oxygen admini­
stration. 
Ophthalmological examination 
Visual acuity VOD: 2/60. 
VOS: S-0 .5 1.0. 
Cylcoplegic refraction OD: S — 1.75. 
OS: S-1.0. 
Eye position Convergent Strabismus OD, about 10°. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal structure, no cells. 
Fundi OD: Normal disc and macula. Normal pattern of 
retinal vessels in the posterior pole. Temporal to 
the posterior pole, numerous vascular branches 
extend more or less parallel in temporal direction. 
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Several smaller ramifications of these vessels, and 
especially of the venules, are abnormally tortuous 
near the equator. Between 8 and 10 o'clock, all 
small retinal vessels terminate abruptly slightly 
peripheral to the equator, so that the peripheral 
retina in this sector is entirely avascular. 
OS: Normal posterior pole. The vascular pattern 
of the equatorial retina in the temporal periphery 
is virtually identical to that in OD. The temporal 
retinal periphery in the sector between 2 and 4 o' 
clock, and possibly beyond, is avascular. No pig-
mentations or defects in the avascular part of the 
retina. 
Conclusion 
Peripheral retinal vascular changes consistent with a diagnosis of DEVR. Con-
vergent strabismus and amblyopia OD. 
Subject 111-5(31-07-24) 
History 
Poor VOS from the start. In childhood, examined by several ophthalmologists; 
corrective spectacles prescribed. Not known whether amblyopia treatment 
was given. Strabismus operation not performed. 
Ophthalmological examination 
Visual acuity VOD : S + 5.0/Cyl. - 3.5 axis 15° 0.8. 
VOS: S + 5.5/Cyl. - 4.0 axis 155° 0,2. 
Intraocular pressure ODS:14mmHg. 
Eye position Convergent strabismus OS, about 3°. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal structure, no cells. 
Fundi ODS: Normal posterior poles. Temporal to the 
posterior poles an abnormal number of small vas-
cular branches take a stretched course in tem-
poral direction. Some venous ramifications in the 
equatorial zone show delicate, corkscrewlike tor-
tuosities. In the area peripheral to the equator 
in OD and near 3 o'clock in OS, the extreme 
ramifications of the retinal vessels terminate ab-
ruptly. The retina peripheral to these ramific-
ations is avascular in both eyes and in both fundi 
shows several gross superficial pigmentations. 
The nasal fundus periphery, so far as visible, 
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seems to show a normal retinal vascularization. 
No retinal defects or neovascularizations. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. Hypermetropic astigmatism ODS. Convergent strabismus OS and 
amblyopia OS. 
Subject IV-15 (30-01-61) 
History 
No visual complaints. No record of premature birth or neonatal oxygen ad­
ministration. Good general health. 
Ophthalmological examination 
Visual acuity VOD: 1.О., uncorrected. 
VOS: 1.0, uncorrected. 
Eye position Straight. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal structure, but with some delicate 
whitish particles. 
Fundi ODS: Slight ectopia of the maculae in temporal 
direction. Retinal vessels somewhat stretched and 
orientated to the 9 o'clock position in OD and to 
the 3 o'clock position in OS. Due to the parallel 
course of the vessels and their ramifications, the 
neuroretina is abundantly vascularized in the 
mid-periphery near the abovementioned posi­
tions. The smaller veins in this area are tortuous. 
Peripheral to the equator the smallest ramific­
ations terminate rather abruptly (local retinal 
periphery is avascular). No defects or degener­
ative areas in the peripheral retina. 
Conclusion 
Slight changes of the peripheral retinal vasculature, consistent with a diag­
nosis of DEVR. 
Subject IV-16 (26-11-57) 
History 
VOS is reported to have always been slightly diminished. In childhood the 
patient was reportedly examined ophthalmologically but no amblyopia treat-
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ment was given. The birth weight was about 3500 g. No record of neonatal 
oxygen administration. Good general health 
Ophthalmologtcal examination 
Visual acuity 
Eye position 
Antenor segments 
Vitreous 
Fundi 
VOD 1.0, uncorrected 
VOS S + 1.5/Cyl - 1 0 axis 175° 0 8. 
Straight. 
ODS Normal. 
ODS Normal structure, no cells. 
ODS In both postenor poles, diminished curva-
ture of the large temporal vessels pencentrally. 
Both maculae show slight ectopia in temporal 
direction. Some retinal vessels in the temporal 
mid-periphery show a rather irregular tortuous 
course. In the inferior temporal quadrant, it is 
only just distinguishable that a few peripheral 
vascular branches terminate abruptly in a few 
short terminal ramifications distinctly anterior to 
the equator. The extreme retinal periphery in 
these quadrants is avascular but otherwise pre-
-sents a normal appearance. Nowhere else in the 
fundi are peripheral degenerative changes, exud-
ates or neovascularizations of the retina seen. 
Conclusion 
Slight bilateral peripheral retinal vascular changes consistent with a diagnosis 
of DEVR Slight anisometropia and slightly subnormal VOS 
Subject 111-6(21-12-25) 
History 
No visual complaints No record of premature birth or neonatal oxygen ad-
ministration 
Ophthalmologtcal examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD S + 05 0 8 
VOS S + 05 08 
Straight. 
ODS Normal 
ODS Normal structure, no cells. 
ODS The retinal vessels in the posterior pole are 
slightly stretched, especially in OS (Figure 61) 
The macular zones ODS contain dehcate drusen-
hke translucencies Central to the temporal 
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Figure 61 (.111-6)· OS. Slightly stretched course of the temporal vascular branches. 
Figure 62 (III-6). OS. Numerous ramifications in the area central to the temporal equa-
tor. The retinal periphery is avascular (right side of photograph). 
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equator ODS, an increased number of vascular 
ramifications take a more or less parallel course 
in temporal direction (Figure 62). They terminate 
abruptly anterior to the temporal equator. The 
avascular retinal periphery OS shows no unusual 
features, but in OD it assumes a whitish colour 
near 4 o'clock. No retinal defects, exudates or 
neovascularizations. 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject IV-17 (19-10-58) 
History 
No visual complaints. Birth weight 4500 g. No neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity -1.0/Cyl. - 0.25 axis 110° 0.8. 
0.5/Cyl.-0.5axis90o 1.0. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: S 
VOS:S-
Straight. 
ODS: Normal. 
Normal structure, no cells. 
ODS: Normal posterior poles. Vascular pattern 
temporal to the posterior poles likewise normal. 
Peripheral to the equator on the temporal side, 
some small ramifications of retinal vessels show 
slight anomalies: some curve abruptly and take a 
course more or less parallel to the ora serrata, to 
ramify into terminal branches of insufficient lum-
inal width to be visible. Some other peripheral 
retinal vessels in this area curve even further and 
return to the equator, while ramifying into a few 
short, hardly visible terminal branches. It cannot 
be established with certainty whether the tem-
poral retinal periphery is vascularized. The fundus 
periphery OS contains a pigmented cicatrix an-
terior to the equator near 3 o'clock. No other 
changes are visible. 
Conclusion 
Minimal vascular changes in the temporal fundus periphery ODS. Probably a 
very mild form of DEVR, but the diagnosis cannot be clinched. 
Subject IV-19 (06-04-63) 
History 
No visual complaints. Birth weight about 4500 g. No neonatal oxygen admin-
istration. 
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Ophthalmological examination 
Visual acuity VOD: S-2 .75 0.8. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOS: S -2 .75 0.8. 
Straight. 
ODS: Normal. 
ODS: Normal. 
ODS: Slightly stretched temporal branches of the 
retinal vessels in the posterior poles, but no dis-
tinct ectopia of the maculae. The temporal peri-
pheral retina is avascular ODS, and somewhat 
whitish OS. Near 3 o'clock and 9 o'clock in OD 
and OS, respectively, the avascular retina extends 
in central direction to a level near the equator, 
where this is bounded by aberrant ramifications 
of the most peripheral retinal vessals. In OS, these 
short terminal ramifications form a clearly de-
fined boundary from the avascular retinal peri-
phery, but in OD the transition from vascular to 
avascular retina is less well-defined. No retinal 
defects, pigmentations or neovascularizations. 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject 111-8(06-04-31) 
History 
No visual complaints. No record of premature birth of neonatal oxygen 
administration. 
Ophthalmological examination 
Visual acuity VOD: 1.25, uncorrected. 
Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
VOS: 1.25, uncorrected. 
Straight. Slightly nasal corneal reflex OS. 
ODS: 15 mmHg. 
ODS: Normal. 
ODS: Normal structure, no cells. 
ODS: The temporal branches of the central ret-
inal artery and vein in the posterior poles show 
a slightly stretched course in temporal direction. 
The macula OS seems to show slight ectopia in 
the same direction. Temporal to the posterior 
pole ODS, an abnormally large number of vascular 
branches take a more or less parallel course. 
Some terminal ramifications of these vessels 
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curve slightly in central direction. In the temporal 
periphery OS it is just distinguishable that the 
smallest ramifications end rather abruptly, so 
that the more anterior part of the retina is avas-
cular. No such transition is visible in the temporal 
periphery OD. No other anomalies in the fundus 
periphery ODS. A pigmented retinal cicatrix is 
visible just outside the large vascular branches in 
the inferior temporal sector of the posterior pole 
OS. 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject IV-25 (26-07-63) 
History 
No visual complaints. Birth weight about 3000 g. No neonatal oxygen admini-
stration. 
Ophthalmological examination 
Visual acuity VOD: 1.25, uncorrected. 
VOS: 1.25, uncorrected. 
Eye position Straight. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal structure, no cells. 
Fundi ODS: The large vessels in the posterior poles are 
slightly stretched in temporal direction. The 
maculae show slight ectopia. The fundus area 
temporal to the posterior pole ODS contains 
numerous branches of the temporal retinal vessels 
arranged more or less parallel. They end in ab-
normally short terminal ramifications anterior to 
the equator, so that the retinal periphery in these 
parts of the fundi is avascular. The avascular ret-
ina ODS shows slight white without pressure and 
delicate pigmentations. No visible retinal defects 
or exudates. 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject IV-26 (2 7-04-6 7) 
History 
No visual complaints. Birth weight about 3000 g. No neonatal oxygen admini-
stration. 
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Ophthalmological examination 
Visual acuity VOD: S + 0.75/Cyl. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
0.75 axis 125 0.8. 
VOS: Cyl. - 0.25 axis 160° 0.8. 
Straight. 
ODS: Normal. 
ODS: Normal structure, no cells. 
ODS: The retinal vessels in the posterior poles 
are slightly stretched, but the maculae show no 
ectopia. Between 7 and 10 o'clock OD and be­
tween 2 and 4 o'clock OS, a distinct boundary 
between avascular and vascular retina is visible 
peripheral to the equator. This boundary takes a 
slightly undulating course and is not visible out­
side the abovementioned sectors. The retinal ves­
sels within these sectors end in delicate multiple 
ramifications on the central boundary of the avas­
cular retinal periphery. Delicate pigmentations 
are visible in the avascular retina ODS, but no 
other changes are observed. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject IV-33 (09-05-65) 
History 
As early as December 1979 this boy had been referred to our department 
with retinal detachment OS, which was probably of long standing because the 
school medical officer had found reduced VOS 5 months earlier. Two years 
earlier he had reportedly sustained a blow from a football against the left eye. 
The relationship with the С family was discovered only in the course of the 
family study. For this reason the examination of the peripheral fundus was 
repeated and supplemented by fluorescein angiography. Moreover, two sisters 
(І -ЗО and IV-31), a brother (IV-32) and the father (III-l 1) were examined. 
The general history of IV-33 was uncharacteristic. No record of premature 
birth or neonatal oxygen administration. 
Ophthalmological examination (preoperative, December 1979) 
Visual acuity 
Eye position 
Intraocular pressure 
Vitreous 
VOD: S-0 .5 1.25. 
VOS: 1/60. 
Straight. 
OD: 17mm Hg. 
OS: 11 mm Hg. 
OD: Normal structure, no cells. 
OS: Many pigment particles. 
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Fundi OD: Normal posterior pole. No degenerative 
changes or defects in the retinal periphery. In the 
temporal retinal periphery the smaller ramifi-
cations of the vessels anterior to the equator are 
no longer visible. The more central vessels show a 
normal configuration. 
OS: Shifting retinal detachment in both inferior 
quadrants with a large amount of subretinal fluid. 
A very small circular retinal defect is visible peri-
pheral to the equator near 1 o'clock. It is local-
ized at the end of a narrow peripheral extension 
of the retinal detachment. Between the 11 and 
the 2 o'clock meridian, the retina is in situ. The 
macula is not included in the retinal detachment. 
There are several gross pigment deposits in the 
periphery, but no distinct vascular anomalies are 
visible. 
General physical examination 
No abnormal findings were obtained. 
Therapy 
Surgical treatment of the retinal detachment encompassed the following pro-
cedures: 
10.12.79: Silicone encircling; drainage of subretinal fluid; intravitreous in-
jection of balanced salt solution; episcleral buckle of superior tem-
poral quadrant. Postoperative finding: non-attachment of the 
retina. 
20-12-79: Drainage of subretinal fluid; cryocoagulations of the equatorial 
sclera; insufflation of an air/SF6 gas mixture ; tightening of the en-
circling loop. 
Re-detachment after 6 weeks. Traction of epiretinal membranes. 
Possibly minute defect inferior and central to the indentation. 
24-03-80: Pars plana vitrectomy; internal drainage; episcleral buckle between 
4 and 8 o' clock; cryocoagulations and insufflation of an air/SF6 
gas mixture. 
Re-attachment of the retina (18 months' follow-up). 
VOS: 3/60. 
Fluorescein angiogram OD: The early phase focuses on the area central 
to the equator, peripheral to which no distinct 
retinal perfusion is visible. A marginal zone with 
aberrant terminal ramifications is not visible, nor 
is fluorescein leakage (Figure 63). 
OS: Late exposures of the posterior pole show al-
terations of the pigmented layer and some fluore-
scein leakage from retinal vessels, probably as a 
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Figure 63 (IV-33). OD. Fluorescein angiogram showing slight aberrant pattern of retinal 
vessels anterior to the equator. No fluorescein leakage. 
result of the retinal detachment and the surgical 
procedures. The periphery is not clearly visualized. 
Conclusion 
Rhegmatogenous retinal detachment OS. Apparently disturbed perfusion of 
the temporal retinal periphery OD. The changes are probably a manifestation 
of DEVR, but the diagnosis is not quite certain. 
Subject 111-11(10-03-25) 
History 
No visual complaints. No record of premature birth. 
Ophthalmological examination 
Visual acuity VOD: 1.0, uncorrected. 
VOS: 1.0, uncorrected. 
Eye position Straight. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal structure, no cells. 
Fondi ODS: Normal posterior poles. Normal configur-
ation of retinal vessels throughout the posterior 
fundi. In the temporal equatorial zone of both 
fundi, a few slightly tangentially curved or even 
reversing retinal vessels are seen near the horizon-
tal meridian. The retina peripheral to this area, so 
far as visible, seems avascular. However, no dis-
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tinct boundary between vascular and avascular 
retina is visible. No defects, exudates or degener-
ative changes in the peripheral fundi. 
Conclusion 
Slight bilateral peripheral retinal vascular changes, which may represent a 
mild manifestation of DEVR. However, the diagnosis is not certain. Fluore-
scein angiography might supply more information on the vascular anomalies 
but, in the absence of subjective symptoms, the patient's motivation for this 
examination is poor. 
Subject III-19 (07-01-23) 
History 
This blind 58-year-old man was examined at his home, as he requested. VODS 
has always been poor, and reading caused great difficulties in primary school. 
Reported to have had severe encephalitis at age 9. Marked deterioration of 
visual acuity at about age 20. Lens extraction OS at age 35? This was followed 
by some improvement in VOS. 
Ophthalmological examination 
Visual acuity VODS: No light perception. 
Eye position Divergent strabismus with nystagmoid move-
ments. 
Anterior segments No distinct changes. Pupils do not respond to 
light. Dense cataract OD, and some after-cataract 
OS. 
Fundi OD: No light reflex. 
OS: Totally atrophic disc. Many gross pigment 
deposits in the posterior pole of the retina. No 
retinal vessels visible. 
Conclusion 
Bilateral absence of light perception with cataract OD. Situation after lens 
extraction, total disc atrophy and retinopathy with pigmentations of un-
known origin OS. The findings are not consistent with a terminal stage of 
DEVR. 
3.5 The D family 
Introduction 
The proband of this family (VI-3) was referred to our department in Septem-
ber 1980 in view of a recent diminution of VOD as a result of retinal detach-
ment. The preoperative fundus examination revealed changes which might be 
suggestive of DEVR. To clinch this possible diagnosis, the parents and a 
brother and sister of this patient were examined. When unmistakable symp-
toms found in the father clinched the diagnosis of DEVR, efforts were made 
to examine as many family members as possible. 
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Kgure 64. The pedigree of the D family. 
Proband VI-3 (18-02-63) 
History 
This 17-year-old male was referred by his ophthalmologist in view of a one-
week history of diminished VOD. Examination had revealed retinal detach-
ment OD. VOS had always been poor, and VOD was reported never to have 
been optimal. In infancy, this patient had in this context been examined by 
another ophthalmologist. Strabismus correction was reported to have been 
performed at age 4 (type of correction and indication no longer traceable). 
Amblyopia treatment never given. In spite of the somewhat limited visual 
acuity, patient attended normal primary and secondary schools. General 
health has always been good. No record of premature birth or neonatal oxy-
gen administration. No complications during pregnancy. The family history 
showed that a few paternal cousins once removed had always had poor eye-
sight. 
Ophthalmological examination 
Visual acuity VOD: S - 6.0/Cyl. - 4.0 axis 195° 0.1. 
VOS: 1/60. 
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Figure 65 (VI-3). OS. Stereo-photograph. Tissue mass attached to the posterior lens cap-
sule on the temporal side. The lens is locally cataractous. 
Eye position Straight. OD seems to have an abnormally wide 
kappa angle (not exactly assessable due to ny-
stagmus). Pendular nystagmus, especially upon 
attempts at fixation on small objects. 
Anterior segments ODS: Normal. 
Vitreous OD: An unmistakable vitreous membrane ex-
tends anterior to the temporal periphery. 
OS: A fibrotic mass in the retrolental space is 
attached to the posterior aspect of the lens on 
the temporal side (Figure 65). The posterior 
capsule and cortex of the lens show a local opa-
city at 3 o'clock. The vitreous structure ODS 
shows liquefaction, and delicate white particles 
are visible. No pigment particles. 
Fundi OD: The retina temporal to the posterior pole 
contains a large exudate, and there are numerous 
smaller exudates central to it in the posterior 
pole, temporal and superior to the macular (Fig-
ure 66). The macula shows some ectopia in tem-
poral direction. The large retinal vessels in and a-
round the posterior pole are abnormally stretched 
in the same direction and take a parallel course. 
A flat retinal detachment extends throughout the 
fundus periphery between 8 and 11 o'clock, and 
centrally into the macular region. This sector of 
the fundus periphery contains an abnormally 
large number of small ramifications of retinal 
vessels, terminating abruptly in the equatorial 
zone. The retina peripheral to this is avascular. 
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Figure 66 (VI-3). OD. Flat retinal detachment with subretinal and intraretinal exudates 
temporal to the posterior pole. Note the course of the retinal vessels. 
Near the boundary between vascular and avascular 
retina, several delicate fibrotic structures connect 
the retina with preretinal vitreous membranes of 
low density. The nasal retinal periphery seems to 
be entirely in situ and shows an intact vasculature. 
There are no gross pigmentations or active neo-
vascularizations. No retinal defects are visible. 
OS: A falciform retinal fold extends from the 
disc into the vitreous space at the 4 o'clock meri-
dian (Figure 67). On the peripheral side this reti-
nal duplicature proves to end in a white tissue 
mass attached to the posterior lens capsule in the 
inferior temporal sector and, so far as can be seen, 
probably also to the pars plana. A few blood ves-
sels are visible in the tissue mass. Near the disc, 
the retinal vessels are distorted in inferior tem-
poral direction, and several branches are included 
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Figure 67 (VI-3). OS. A raised retinal fold extends from the disc to the inferior temporal 
sector. The choroidal vessels are clearly visible. 
in the falciform fold. No hyaloid vessels or other 
remnants of the primary vitreous other than 
these retinal vessels are visible in the posterior 
pole. Choriocapillaris and retinal pigmented layer 
seem underdeveloped in the posterior pole, and 
consequently the large choroidal vessels and sclea 
are readily visible in this area. The macula is not 
visible (probably included in the retinal fold). 
There are no vascular proliferations apart from 
the fibrovascular tissue mass. No retinal defects, 
subretinal or intraretinal exudates or pigmented 
scars are visible. 
Fluorescein angiogram OD: Dilatation of perimacular capillaries is vis-
ible in the early phase. A little later, considerable 
fluorescein leakage is seen from these vessels and 
from the capillary bed superior and temporal to 
no 
Figure 68 (VI-3). OD. Diffuse fluorescein leakage as early as the arteriovenous phase of 
the angiogram. 
the macula (Figure 68). The retinal circulation 
time is increased (about 10 sec). Leakage from 
the retinal vessels in the temporal mid-periphery 
and on the disc is seen in the late phase. 
OS: The late phase shows fairly diffuse leakage 
from the retinal vascular bed and intensive leak­
age from the fibrovascular tissue mass in the tem­
poral periphery. 
General physical examination 
No abnormalities were found at general physical examination. 
Laboratory studies: 
Blood Haemoglobin: 9.9mmol/l. 
Haematocrit: 0.44. 
Leucocyte count: 5.5 χ 109/1. 
I l l 
Serum values 
Coagulation studies 
Differentation: 
Electrolytes: 
eosinophils 21% 
basophils 1% 
neutrophils 52% 
lymphocytes 26% 
Na 139 
К 4.2 
Cl 99 
НСОз 29.9 
Urea: 5.0mmol/1. 
Creatinine: 103 mmol/1. 
Alkaline phosphatase: 72 U/l. 
SCOT: 15 U/l. 
SGPT: 16 U/l. 
Bleeding time (Ivy)' 1 min 55 sec — 1 min 36 sec 
— 2 min 33 sec. 
Platelets: 224 χ 109/1. 
Quick time: 20 sec. 
Thrombotest (Owren): 95%. 
Cephalin-kaolin time (Langdell-Margolis): 34 sec. 
Fibrinogen content: 2730mg/l. 
Thrombin time: 24 sec. 
Conclusion: normal coagulation data. 
Therapy 
The retinal detachment OD was treated by operation a few days after ad­
mission. Superior temporal drainage of subretinal fluid, followed by injection 
of Ringer's solution into the vitreous space via the pars plana. Cryocoagu-
Figuie 69 (VI-3). OD. Stereo-photograph. Re-attachment of the retina in the temporal 
part of the fundus after scleral buckling. 
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lations in the area of the temporal equator and central to this. A nr. 40 en-
circling loop was fastened round the eyeball virtually on the equator; in the 
temporal sector between about 8 and 12 o'clock, a silicone expiant was pushed 
beneath the encircling loop in order to enlarge the indentation in this sector. 
Postoperative course 
A small amount of subretinal fluid was present central to the indentation in 
the superior temporal quadrant. Some increase in subretinal exudates was ob-
served during a few weeks temporal to the posterior pole (Figure 69). Cor-
rected visual acuity two months after the operation was 0.2. On the indent-
ation of the encircling loop near 10 o'clock, a rather taut serous vesicle of the 
neuroretina persisted. Visual acuity remained unchanged, and a contact lens 
was prescribed for OD. 
Visual fields 
Six weeks after the operation, general sensitivity was diminished ODS, with 
absolute limitation of the nasal visual field. The blind spots cannot be located 
accurately due to slight nystagmus. 
Conclusion 
Fundus changes consistent with a diagnosis of DEVR, complicated by con-
genital retinal fold OS and mainly exudative retinal detachment OD, treated 
by operation. 
Subject V-2 (22-03-34) 
History 
No visual or ocular complaints other than mild complaints about lacrimation 
OD. Good general health. Normal birth weight. No neonatal oxygen admini-
stration. 
Ophthalmological examination 
Visual acuity VOD: S - 3.5/Cyl. - 1.25 axis 80° 0.8. 
VOS: S - 2.5/Cyl. - 0.75 axis 130° 0.8. 
Eye position Straight; central corneal reflexes. 
Anterior segments ODS: Normal. 
Vitreous ODS: Some syneresis. Central posterior vitreous 
detachment anterior to both posterior poles. No 
cells or pigment particles. 
Fundi OD: Slight temporal ectopia of the macula. Tem-
poral to the posterior pole, abnormally numerous 
retinal vascular branches are seen. The retinal vas-
culature terminates abruptly in a well-defined 
zone immediately anterior to the equator. Just 
из 
Figure 70 (V-2). OD. Fluorescein angiogiam. Non-perfusion of the peripheral retina. In­
tensive leakage from a small neovascularization. 
peripheral to this zone on the 3 o'clock meridian 
there is a small neovascularization which shows 
some whitish fibrosis. No exudates, retinal de­
fects or distinct signs of traction on the peripheral 
retina. As in the fundus OD, the retinal periphery 
in the nasal half, so far as visible, is normally vas­
cularized. 
Fluorescein angiogram OD: Abruptly ending temporal vasculature. The 
terminal ramifications of the retinal vessels are 
slightly dilatated and show fluorescein leakage. 
An intensively leaking neovascularization is vis­
ible on the 10 o'clock meridian (Figure 70). Hy-
perfluorescent disc in the late phase. No leakage 
from perimacular capillaries. 
OS: The early phase reveals the abrupt termin­
ation of the retinal vasculature in the temporal 
equatorial zone. At one site, a neovascularization 
peripheral to the line of demarcation has grown 
into the avascular retina. The capillaries in the 
peripheral zone of the vascular retina show num­
erous saccular dilatations. Many capillaries seem 
to have a loose end unconnected to other parts 
of the vasculature, and end blindly in such dilat­
ations (Figure 71a). Intensive leakage from the 
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neovascularization occurs after a few seconds, 
and the peripheral zone of retinal vessels shows 
less marked leakage (Figure 71b). The late phase 
of the posterior pole shows a hyperfluorescent 
disc but no leakage in the macular region. 
Policy 
It was decided to confine activities to periodical follow-ups, and not to coagu-
late the neovascularizations as long as they remained stationary. 
Conclusion 
Distinct bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Small neovascularizations ODS. 
Subject V-5 (26-12-37) 
Figure 71 (V-2). OS. a) Non-perfusion of the peripheral retina in the early phase of angio-
graphy. Neovascularizations in the avascular zone. Note the numerous small outpouchings 
along the small peripheral ramifications in the retinal vasculature, b) Slight diffuse leakage 
in the peripheral retinal vascular bed and intensive leakage from the neovascularizations. 
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History 
No visual or ocular complaints other than recent recurrent erosion of the cor-
nea OD. Birth weight unknown, but birth reportedly premature (about 8 
months). No record of neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: S - 0.25/Cyl. - 1.25 axis 95 1.0. 
VOS: S - 0 . 5 0.8. 
Straight; central corneal reflexes. 
ODS: Normal. 
ODS: Normal structure, no cells. 
ODS: Normal vasculature in the posterior poles. 
No macular ectopia. Immediately temporal, too, 
no distinctly abnormal configuration of retinal 
vessels is visible. In the temporal equatorial zone, 
however, both fundi show several retinal vessels 
which terminate in short multiple ramifications 
leaving the peripheral retina apparently avascular. 
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At the level of these terminal ramifications, near 
the 3 o'clock meridian, a small pigmented scar is 
visible in OS. No degenerative changes in the ava-
scular fundus periphery. 
Conclusion 
Slight bilateral vascular changes in the temporal fundus periphery, consistent 
with a diagnosis of DEVR. 
Subject V-7(01-05-42) 
History 
No visual complaints. Good general health. No record of premature birth or 
neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: 1.0, uncorrected. 
VOS: S - 0.5/Cyl. - 0.75 axis 10° 0.8. 
Straight; central corneal reflexes. 
ODS: Normal. 
OD: Normal structure, no cells. 
OS: Normal structure of retrolental vitreous. The 
vitreous anterior to the temporal retinal periphery 
shows delicate opacities and is very mobile. 
OD: Normal posterior pole. The retina posterior 
to the temporal equator shows some very tor-
tuous venous branches (like corkscrews). The 
small retinal vessels terminate in a well-defined 
zone immediately anterior to the equator. Near 
9 o'clock, this boundary between vascular and 
avascular retina deviates in central direction, thus 
producing a wedge-shaped extension of the avas-
cular retina between the most peripheral vascular 
ramifications. 
OS: Normal posterior pole. As in OD, the tem-
poral retinal periphery is avascular and, near 3 o' 
clock, shows a wedge-shaped extension in central 
direction. Some small venous branches are ex-
tremely tortuous. Between 1 and 2 o'clock, the 
avascular retina shows a whitish spot surrounding 
a minute circular defect. No neovascularizations 
or exudates. 
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Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject IV-2 (02-10-09) 
History 
No defined visual complaints. Patient has a history of several operations, e.g. 
cholecystectomy, operation for rectocele and partial pancreatectomy after 
pancreatitis. Diabetes mellitus developed after this operation, necessitating in-
sulin medication. As a result of drum perforations after otitis media, hearing 
is somewhat defective. No record of premature birth. 
Ophthalmological examination 
Visual acuity VOD: S + 3.0/Cyl. - 3.0 axis 108° 0.5. 
VOS: S + 3.0/Cyl. - 3.5 axis 98° 0.4. 
Straight. 
ODS: 18 mm Hg. 
ODS: Nuclear cataract causing slight optical dis-
turbance. 
OD: Normal structure. Posterior vitreous de-
tached. 
OS: Normal structure. Posterior vitreous possibly 
detached. 
ODS: Deep central cupping of both discs. The 
large vessels in the posterior poles take a decidedly 
stretched course in inferior temporal direction, 
causing macular ectopia in the same direction. 
Near the macula, the centre of the posterior poles 
comprises a few very small exudates in the retina. 
The retinal vasculature temporal to the posterior 
pole is definitely aberrant: numerous ramific-
ations of superior and inferior temporal vessels 
are packed in this area and show a distinctly 
parallel course in temporal direction. The ramifi-
cations of these vessels all terminate abruptly in 
the area anterior to the temporal equator. There 
is a welldefined line of demarcation between the 
vascular and the avascular retina; near the 9 o' 
clock meridian OD and near the 3 o'clock meri-
dian OS, this demarcation turns back sharply in 
central direction. The nasal fundus periphery 
seems to be completely vascularized. The avascu-
lar retinal periphery in both fundi shows white 
Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
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without pressure, but no retinal defects, neovas-
cularizations or exudates. 
Conclusion 
Marked bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Slight senile cataract and delicate exudates in both posterior poles, possibly as 
a result of iatrogenic diabetes mellitus. 
Subject V-10 (25-12-36) 
Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
History 
No visual complaints. Birth weight 3000 g. No record of neonatal oxygen ad-
ministration. 
Ophthalmological examination 
Visual acuity VOD: 1.0, uncorrected. 
VOS: 1.0, uncorrected. 
Straight. 
ODS: 18 mmHg. 
ODS: Normal. 
ODS: Normal structure. Minute white dust-like 
particles. 
ODS: The large retinal vessels in the posterior 
poles are somewhat stretched, but there is no 
macular ectopia. The smaller arterioles outside 
the posterior pole take a stretched radial course, 
especially in the temporal fundus, and the smaller 
venous branches in the same area often show 
corkscrew-like tortuosities. It is clearly visible 
that the retinal vessels end in the equatorial zone 
of the temporal fundus half. The extreme peri-
phery of the nasal fundus half likewise seems to 
be avascular, but this cannot be established with 
certainty. The avascular periphery in both fundi 
shows some white specks with occasional delicate 
pigmentations. This region contains a small circu-
lar retinal defect on the 10 o'clock meridian OD. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject VI-18 (03-05-68) 
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History 
No visual complaints. Good general health. Birth weight 3100g. No neonatal 
oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: 1.0, uncorrected. 
VOS: 1.0, uncorrected. 
Straight 
ODS: Normal. 
OD: Delicate white particles. Normal structure. 
OS: Normal structure, no cells. 
ODS: Normal posterior poles. The retinal vessels 
show short, brush-like ramifications immediately 
anterior to the temporal equator. Peripheral to 
these ramifications, the retina is avascular. No pig-
mentations, exudates or neovascularizations. The 
nasal retinal periphery in both fundi seems to be 
normally vascularized. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Conclusion 
Slight bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject VI-19 (01-05-71) 
History 
No visual complaints. Good general health. Birth weight 3100 g. No neonatal 
oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: 0.8, uncorrected. 
VOS: 0.8, uncorrected. 
Straight; central corneal reflexes. 
ODS: Normal. 
ODS: Normal structure, no cells. 
ODS: Normal posterior poles. No macular ec-
topia. A rather pale, meandering zone is visible in 
the temporal equatorial region. Some retinal 
vessels terminate in this zone in multiple small 
terminal ramifications. Occasionally, however, a 
retinal vessel seems to extend past this zone to 
the retinal periphery. The retinal vessels in the 
nasal periphery present a normal appearance, as 
do the more centrally localized vessels. No retinal 
defects, neovascularizations or exudates. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
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Conclusion 
Slight bilateral peripheral retinal vascular changes consistent with a diagnosis 
ofDEVR. 
Subject V-ll (30-01-43) 
History 
No visual complaints. Good general health. Birth weight 3000 g. No neonatal 
oxygen administration. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: 1.0, uncorrected. 
VOS: 1.0, uncorrected. 
Straight. 
ODS: Normal. 
ODS: In the anterior portion of the vitreous 
space OD, a remnant of the hyaloid artery is vis-
ible. Delicate white particles in the retrolental 
vitreous ODS. A thin preretinal vitreous mem-
brane is seen in the temporal fundus periphery. 
ODS: Normal posterior poles. The retinal vascu-
lature terminates in the temporal sector im-
mediately anterior to the equator (Figure 72). 
Figure 72 (V-ll). OS. Avascular temporal retinal periphery (on the right). 
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Slightly central to the demarcation between vas-
cular and avascular retina, a thin preretinal vit-
reous membrane is attached to the retina. In OS, 
a small white fibrosed neovascularization is vis-
ible at the margin of the vascular retina near 2 o' 
clock. Slightly peripheral to this, the avascular 
retina shows a few small circular defects. 
Conclusion 
Bilateral retinal vascular changes consistent with a diagnosis of DEVR. 
Subject VI-21 (25-06-70) 
History 
An ophthalmologist diagnosed amblyopia OD when this boy was 5 years old. 
The amblyopia was treated by application of atropine to OS fora few months. 
Treatment was unsuccessful and therefore discontinued. General health has 
always been good. Birth weight 3530 g. No record of neonatal oxygen admin-
istration. 
Ophthalmological examination 
Visual acuity VOD: 0.16, uncorrected. 
VOS: 1.0, uncorrected. 
Eye position Straight; positive kappa angle. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal. 
Fundi ODS: The temporal branches of the retinal vessels 
in the posterior poles are somewhat stretched in 
temporal direction, causing some ectopia of the 
maculae in the same direction. The temporal ret-
inal periphery in both fundi is avascular. Central 
to this avascular part, the vessels end in short 
ramifications in a rather pale zone of the retina, 
which at this site seems slightly elevated. No de-
fects, pigmentations or neovascularizations in the 
peripheral fundi. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. Amblyopia OD. 
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Subject V-12 (26-12-45) 
History 
This 35-year-old man has had poor VOD from the start, and VOS is reported 
never to have been normal. At age 3 it was reportedly found that OD was due 
to an abnormal position, corrective spectacles were prescribed. Amblyopia 
OD was treated for a while by application of atropine to OS. In childhood, 
this patient was examined by several ophthalmologists, at age 24, he was ex-
amined for the first time (at his own request) at our department This ex-
amination (1969) yielded the following findings 
VOD S - 7 O/Cyl. - 1.5 axis 0° 1/60 
VOS S - 7 O/Cyl. 1.0 axis 15° 0.8. 
Eye position Divergent strabismus OD, pendular nystagmus. 
Media Clear 
Chorioretinitis scars in OD 
Until 1980, several follow-ups at our department revealed no changes in 
visual acuity or fundus features In 1977 this man was examined at the Leiden 
University Department of Ophthalmology, where congenital chorioretinitis 
(probably due to toxoplasmosis) was likewise diagnosed Apart from com-
plaints about dizziness and hyperhidrosis, general health is reportedly good. 
No record of premature birth or neonatal oxygen administration. I decided to 
re-examine this patient in the context of the family study 
Ophthalmological examination 
Visual acuity VOD S - 7 0/Cyl. - 1 5 axis 0o 1/60. 
VOS S - 7 5/Cyl. - 1 0 axis 15° 0 6. 
Eye position Virtually straight Despite poor fixation OD, it is 
demonstrable that the marked nasal displacement 
of the corneal reflex of this eye is due to an ab-
normally wide positive kappa angle OS likewise 
shows a rather wide positive kappa angle Latent 
nystagmus is present 
Intraocular pressure ODS 16 mmHg 
Anterior segments ODS Normal 
Vitreous ODS Marked syneresis No cells Virtually com-
plete detachment of the postenor vitreous An-
terior to the temporal periphery of both fundi, 
membranes are visible which near the equator are 
attached to the retina and exert some traction on 
it 
Fundi OD Highly abnormal pattern of retinal vessels in 
the postenor pole from the disc, the temporal 
vascular branches are stretched in inferior tem-
poral direction, giving rise to the features of 
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dragged disc. The macula shows marked ectopia 
in the same direction, but there is no congenital 
retinal fold. Near the equator, a few large chorio-
retinal cicatrices with many gross pigmentations 
are visible between 7 and 9 o'clock. From one of 
these cicatrices, a fibrotic strand traverses the vit-
reous space to the posterior lens capsule, to 
which it is attached via some white fibrotic tissue. 
The retinal vessels in the inferior temporal quad-
rant of the fundus are distorted in the direction 
of the equatorial scars, where they terminate in 
deformed ramifications. The retinal vasculature 
of the remainder of the temporal periphery is not 
accurately assessable due to preretinal vitreous 
opacities. There are no retinal defects, exudates 
or neovascularizations. 
OS: From the disc, the retinal vessels take an ab-
normally stretched course to the inferior tem-
poral area. There is no real dragged disc, but 
some macular ectopia exists. Immediately central 
to the equator, two large pigmented scars are vis-
ible near 3 and 4 o'clock. The temporal ramific-
ations of the retinal vessels terminate near these 
scars, leaving the peripheral retina at this site 
avascular. In the inferior temporal sector of the 
equatorial zone, a few small, white occluded ret-
inal vessels are visible. A preretinal vitreous mem-
brane is attached to the retina roughly at the de-
marcation between the vascular and the avascular 
part. In the superior temporal sector this exerts 
some unmistakable traction on the retina. The 
nasal fundus periphery shows a striking number 
of vascular ramifications in the equatorial zone, 
but seems completely vascularized. 
Visual fields (Goldmann) ODS: Absolute limitation of the nasal visual field. 
Enlarged blind spot, which is displaced in tem-
poral direction. 
Conclusion 
Bilateral peripheral retinal vascular changes with deformation of the posterior 
poles. Peripheral vitreous membranes exerting traction on the retina. Myopia. 
Visual acuity reduced due to damaged posterior poles and amblyopia OD. 
The findings are consistent with fairly marked DEVR. 
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Figure 73 (IV-15). OD. Atrophy of choroid and pigment epithelium, and abnormal con-
figuration of retinal vessels. 
Subject IV-15 (12-12-33) 
History 
VODS diminished from the start. At age 20, retinal detachment OS was 
treated by operation. Birth weight unknown, but no record of premature birth 
or neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD : S - 12.0/Cyl. - 1.0 axis 0° 0.2. 
VOS: S - 12.0/Cyl. - 1.0 axis 0° 0.2. 
Eye position Straight. 
Anterior segments ODS: Slight, optically unobtrusive opacities in 
the cortex of the lenses. 
Vitreous ODS: Normal structure of the retrolental vit-
reous. No cells. Anterior to the temporal fundus 
periphery OD, a thin preretinal membrane is seen 
to extend in posterior direction to a level slightly 
central to the equator. OS shows almost com-
plete detachment of the posterior vitreous. 
Fundi OD: The large retinal vessels in the posterior pole 
take a slightly stretched course in temporal direc-
tion, with slight macular ectopia in the same 
direction. Throughout the posterior fundus, 
rather ill-defined areas show marked atrophy of 
choriocapillaris and pigment epithelium. These 
also extend into the centre of the posterior pole. 
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Ultrasonography 
(Figure 73). The retinal vessels end in aberrant, 
short terminal ramifications near the temporal 
equator. The retina peripheral to this is avascular 
and shows numerous gross pigmentations. 
OS: This fundus likewise shows a stretched course 
of the large retinal vessels in the posterior pole, 
with some macular ectopia. The large choroidal 
vessels are clearly visible throughout the pos-
terior pole. Temporal and inferior to the pos-
terior pole begins an area (clearly demarcated on 
the central side) with even more marked atrophy 
of choriocapillaris and pigment epithelium, 
which extends into the extreme periphery. Sev-
eral pigment deposits are visible in this area (Fig-
ure 74). The temporal retinal periphery is avas-
cular. Near the equator there is a well-defined 
demarcation between the vascular and the avas-
cular retina. The nasal fundus periphery seems to 
show normal vascularization. Particularly in the 
temporal fundus periphery, large pigmented scars 
are visible. Some of these may be a result of dia-
thermy treatment. No distinct notch is visible. As 
in the fundus OD, there are no visible exudates, 
neovascularizations or defects of the retina. 
OD: Eye axis length: 25.5 mm. 
OS: Eye axis length: 23 mm, increasing to about 
25 mm when measured in the area temporal to 
the posterior pole. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject IV-16 (24-12-34) 
History 
VODS but particular VOS low from the start. No record of any treatment in 
childhood. Strabismus operations (type unknown) in 1970 and 1977. Birth 
weight unknown, but no record of premature birth or neonatal oxygen ad-
ministration. 
Ophthalmological examination 
Visual acuity VOD: S + 4.0/Cyl. -
VOS: S + 4.0 1/60. 
2.0 axis 130 0.2. 
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Figure 74 (IV-15).OS. Deformation of retinal vessels and macular ectopia. Extensive 
zones with atrophy of the choroid and pigment epithelium, encompassing pigment de-
posits. 
Figure 75 (IV-16). OD: Fixation of the camera at the time of exposure! Note the pseudo-
divergent low position of this eye. OS shows no fixation whatever. 
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Eye position 
Anterior segments 
Vitreous 
Fundi 
Virtually straight. Marked superior nasal displace-
ment of the corneal reflex at fixation OD. Fix-
ation OS not feasible (Figure 75). 
OD: The iris shows some posterior synechiae on 
the temporal side of the disc. No cells in the 
aqueous humour, and no Tyndall phenomenon. 
OS: Normal. 
ODS: Lacunae with liquefaction, with inter-
spersed fibrous structures. A few peripheral mem-
branes in the temporal periphery of the vitreous 
space. 
OD: From the disc, the retinal vessels are mark-
edly distorted and stretched in temporal direction 
(Figure 76a), causing pronounced ectopia of the 
macula. Immediately temporal and inferior to 
the macula the retina is slightly raised in a falci-
form fold, but this is effaced again anterior to 
the equator near 8 o'clock (Figure 76b). Areas 
with gross pigmentations are seen on either side 
of the retinal fold. Similar pigment deposits are 
Figure 76 (IV-16). OD. a) Dragged disc, b) SCghtly raised retinal fold temporal and in-
ferior to the posterior pole, with gross pigmentations in the adjacent retina. 
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Figure 77 (IV-16). OS. Falciform fold. On either side, atrophic areas in choroid and pig-
ment epithelium with numerous gross pigment deposits in the retina. 
visible in the temporal retinal periphery, which 
also comprises a few exudates. So far as visible, 
this part of the periphery is avascular. A few pre-
retinal vitreous membranes are seen in the in-
ferior temporal sector. 
OS: A falciform fold extends in temporal direc-
tion from the disc. Several blood vessels extend 
from the disc in the fold, and ramifications of 
these vessels leave the fold to enter the adjacent 
retina. In the posterior pole, sharply defined 
white areas of choroidal atrophy and pigment de-
posits are localized on either side of the fold 
(Figure 77). The fold roughly follows the 4 o' 
clock meridian and on the peripheral side ends in 
the anterior part of the vitreous space in a white 
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Figure 78 (IV-16). OS. Stereo-photograph. Gliotic tissue mass at the peripheral end of 
the retinal fold. 
tissue mass connected with the pars plana and 
the posterior lens capsule (Figure 78). The retinal 
vasculature in the fundus periphery is not clearly 
visible due to slight vitreous opacities. No retinal 
defects or neovascularizations are seen. 
Ultrasonography OD: Eye axis length 21—22 mm. 
OS: Eye axis length 19mm. 
Conclusion 
Fundus changes consistent with DEVR, complicated by a large retinal fold 
OS and a small one OD. 
Subject IV-18( 11-08-38) 
History 
Very poor VODS from the start. After a few years at a normal primary school, 
the patient was admitted to a home for visually handicapped children. In 
1959, optical iridectomy OD failed to improve visual acuity. VOD has shown 
some further deterioration in recent years. No congenital anomalies apart 
from the eyes. Good general health. No record of premature birth or neonatal 
oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: 0.5/60, good projection. 
VOS: No light perception. 
Eye position Convergent strabismus OS; hardly any fixation 
OD. Strikingly, there is no nystagmus. 
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Figure 79 (IV-18). OD. Fibrotic synechiae between the iiis and the largely cataractous 
lens. 
Anterior segments OD: Clear cornea of normal diameter. No cells in 
the aqueous humour. Large iridectomy defect in 
the superior nasal quadrant. The inferior temporal 
quadrant of the iris is connected by posterior sy-
nechiae with the anterior lens capsule, which is 
not ruptured (Figure 79). The lens shows an op-
tically very obtrusive brown cataract, due to 
which no fundus reflex is visible. Through the 
iridectomy defect and past the margin of the lens, 
a feeble red fundus reflex can be observed. 
OS: Some microphthalmia. Near the temporal 
limbus the cornea shows a keratopathy with 
some calcifications. The remainder of the cornea 
is clear. Its diameter is 9 mm. The anterior seg-
ment is of normal depth, as in OD. The iris shows 
some atrophic areas. The pupil is of slightly ir-
regular shape, and mydriasis can be achieved only 
partly due to posterior synechiae. The pupillary 
aperture comprises white opaque remnants of a 
totally disintegrated lens (Figure 80). Near the 
pupillary margin at 8 o'clock, a few delicate blood 
vessels are visible on and in the fibrotic mem-
brane. 
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Figure 80 (IV-18). OS. Dehydrated and disintegrated, totally cataractous lens. 
Vitreous and fundi ODS: No details are visible in the vitreous space 
or fundus. Red fundus reflex OS. 
Ultrasonography OD: Eye axis length 20 mm (A-scan). 
OS: Eye axis length 14mm. 
Conclusion 
Extensive bilateral anterior segment and fundus changes. The findings are 
consistent with very severe DEVR. 
Subject IV-20( 15-06-42) 
History 
No distinct visual symptoms. Birth weight about 3000 g. General health good, 
apart from relatively mild manifestations of osteochondrosis of the vertebrae 
(Scheuermann's disease). 
Oph thalmological examination 
Visual acuity VOD: S + 4.0/Cyl. - 3.0 axis 90° 0.8. 
VOS: S + 3.75/Cyl. - 3.5 axis 83° 0.8. 
Eye position Straight. Corneal reflex slightly nasal OD and 
central OS. 
Anterior segments ODS: Normal. 
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Figure 81 (IV-20). OS. Slight ectopia of the macula. 
Vitreous 
Fundi 
ODS: Very delicate white particles, but other-
wise normal structure. Partial detachment of the 
posterior vitreous membrane anterior to the tem-
poral part of the fundi. 
ODS: Slight temporal ectopia of the maculae in 
the posterior poles (Figure 81). The configuration 
of the large vessels in the posterior part of the 
fundi is hardly aberrant. Between 8 and 10 o' 
clock in OD and between 2 and 4 o'clock in OS, 
a few retinal vessels terminate in short multiple 
ramifications immediately anterior to the equa-
tor. The remainder of the fundus periphery ODS 
is normal. The avascular part of the temporal ret-
inal periphery shows no defects, exudates, pig-
mentations or neovascularizations. 
Conclusion 
Slight bilateral vascular changes in the temporal retinal periphery consistent 
with a diagnosis of DEVR. 
Subject V-28( 14-08-70) 
Figures 67, 76 and 77 published with permission from Graefes Arch Ophthalmol 217: 
55-67 (1981). Copyright by Springer-Verlag. 
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History 
No visual complaints. Birth somewhat premature, birth weight 2500 g. No 
neonatal oxygen administration. 
Ophthalmological examination 
VOD: 0.8, uncorrected. 
VOS: 1.0, uncorrected. 
OD:S+ 1.5. 
OS: Emmetropic. 
Straight. Slightly nasal corneal reflex OD. 
ODS: Normal. 
ODS: A few delicate white particles are afloat in 
the vitreous, which is of normal structure. 
ODS (direct and indirect ophthalmoscopy): Nor­
mal retinal vascular pattern in the posterior poles. 
No distinct ectopia of the maculae. Some conspi­
cuously tortuous retinal vessels are visible central 
to the equator near 3 o'clock OS. The retinal 
periphery OD shows no distinct changes. Avas-
cularity of the peripheral retina could not be 
demonstrated by the method used. 
Conclusion 
Slight vascular anomalies in the fundus periphery OS and slightly subnormal 
VOD. The symptoms may represent a very mild manifestation of DEVR, but 
the diagnosis is not certain. 
Visual acuity 
Cylcopegic refraction 
Eye position 
Anterior segments 
Vitreous 
Fundi 
3.6 The E family 
QTO 
Ш 
Figure 82. Pedigree of the E family. 
Introduction 
The proband of this family had been known at our out-patient clinic since 1975 
as showing diminished VODS and bilateral fundus changes. The possibility of 
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DEVR was contemplated in 1977, but a superficial study of a few family 
members failed to disclose changes which could confirm the diagnosis. A 
fresh family study was performed in 1980, and its findings are reported here. 
Proband 111-2 (24-02-68) 
History 
The eye position was found to be abnormal when the patient was one year 
old. An ophthalmologist was consulted, who prescribed corrective spectacles 
and started amblyopia treated by occlusion of the left eye. This was dis-
continued a year later because the result was disappointing. At age 7 the 
patient was first examined at our department General health was good There 
was no record of premature birth or neonatal oxygen administration. 
Family history 
No known consanguinity of the proband's parents His father (II-1) was be-
lieved to have poor VOD, and one of the father's brothers reportedly had a 
lazy eye The proband's mother had no visual complaints, but her only sister 
was believed to have a lazy eye. 
Ophthalmological examination (April 1975) 
Visual acuity VOD S - 4 5/Cyl. - 3.5 axis 50° 0.1. 
VOS S - 4.5/Cyl. - 4.0 axis 165° 0.5. 
Cycloplegic refraction OD S - 4 0/Cyl. - 4 0 axis 15°. 
OS S - 4 0/Cyl. 4 5 axis 145°. 
Anterior segments ODS Normal 
Vitreous OD Preretinal vitreous structures. 
Fundi ODS Aberrant vascular pattern in the posterior 
poles and atrophy of the choroid 
Diagnosis Unknown. 
Therapy 
Prescription of corrective spectacles as dictated by refraction. No further 
therapy. 
Course 
In view of gradually increasing myopia, the prescription of the corrective spe-
ctacles was modified several times. Visual acuity remained unchanged. 
Ophthalmological examination (August 1980) 
Visual acuity VOD S - 6 5/Cyl. - 4.0 axis 20° 0 12. 
VOS S - 8.0/Cyl. - 4.0 axis 165° 0 6. 
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Straight. Due to distinct nasal displacement of 
the corneal reflex OD, this eye is pseudodiver-
gent. 
ODS: Normal. 
OD: Some liquefaction and syneresis. Numerous 
delicate pigment particles. Probably posterior vit-
reous detachment. 
OS: Some liquefaction, No cells or particles. 
OD: The retinal vessels show marked distortion 
from the disc to the inferior temporal sector. In 
the posterior pole there is consequently a con-
spicuous parallel course of the large vascular 
branches, among which a markedly deformed 
and ectopic macula is visible. The fundus shows 
pigment paucity and the choriocapillaris is under-
developed so that the pattern of the large chor-
oidal vessels is clearly visible (Figure 83). In the 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Figure 83 (111-2). ÜD. Abnormally stretched course of the temporal retinal vascular 
branches. Ectopia of the macula. 
136 
Figure 84 (III-2). OD. Raised white fibrotic ridge with attachment of vitreous membrane 
in inferior temporal quadrant. 
inferior temporal quadrant central to the equator, 
a raised whitish fibrotic ridge extends parallel to 
the ora serrata (Figure 84). At this ridge, vitreous 
membranes are attached to the retina, and along 
the central margin there is some local retinoschisis 
with a few small defects in the inner part of the 
neuroretina. Traction from the peripheral fib-
rotic structures has stretched the retinal vessels. 
The preretinal vitreous structures make it imposs-
ible to establish whether the retina peripheral to 
the equator is avascular. A few small exudates are 
visible in this area. In the nasal fundus periphery, 
where fewer vitreous opacities are present, the 
vessels in the retina show a distinctly aberrant 
course. Peripheral to tortuous vessels which end 
in irregular multiple ramifications, the retina is 
entirely avascular. No neovascularizations are 
visible. 
OS: The vessels from the disc are distorted in in-
ferior temporal direction, with marked ectopia of 
the macula in the same direction. The retinal 
vessels in the posterior pole show a parallel and 
stretched course (Figure 85). Conspicuous avas-
cularity of the peripheral retina in all quadrants. 
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Figure 85 (III-2) OS. The same features of retinal vessels and choroid as in posterior pole 
OD. 
Most vessels terminate in irregular ramifications 
in the equatorial zone, but in the nasal half of 
the fundus the vessels extend slightly further in 
anterior direction. Retinal exudates are seen at 
several sites in the mid-periphery (Figure 86). No 
distinct neovascularizations. Several gross super-
ficial pigment deposits in the vascular part of the 
retina. Especially near the temporal equator, vit-
reous membranes exert unmistakable traction on 
the retina. No retinal defects or areas of retino-
schisis. 
Visual fields (Goldmann) ODS : The 1 —4 isopter shows some limitation of 
the nasal visual field. No other distinct changes. 
The blind spot cannot be determined with cer-
tainty. 
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Figure 86 (III-2). OS. Small intraretinal exudates and attachment of vitreous membrane 
to equatorial retina. 
Conclusion 
Bilateral fundus changes characteristics of fairly severe DEVR. 
Policy 
In view of the unmistakable traction on the retina ODS, the risk of retinal 
detachment is far from imaginary. The exudates, especially in OS, also require 
watching. 
Subject Ш-1 (03-04-66) 
History 
No visual complaints. Good general health. Birth weight about 3000 g. 
Ophthalmological examination 
Visual acuity VOD: S + 2.0 1.25. 
VOS: S + 3.25/Cyl. - 0.5 axis 0° 1.0. 
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Eye position 
Anterior segments 
Vitreous 
Fundi 
Straight. 
ODS: Normal. 
ODS: Normal structure, no cells. 
ODS: Normal posterior poles. Some evident vas-
cular anomalies near the equator in the temporal 
quadrants. The retinal vessels in this area divide 
into short terminal ramifications. The retina peri-
pheral to these ramifications is avascular. The vas-
culature of the nasal periphery, so far as visible, 
is entirely normal. No pigmentations, exudates, 
retinal defects or neovascularizations. 
Conclusion 
Slight bilateral peripheral retinal vascular changes consistent with a diagnosis 
ofDEVR. 
Although no symptoms ofDEVR were found in the following family members, 
the results of their examination are nevertheless presented in view of their 
ophthalmological particulars. 
Subject 11-1(14-02-36) 
History 
Reduced visual acuity and strabismus OD from the start. An 8-year history of 
complaints about numbness in the right leg. No distinct exacerbations or 
visual complaints. Extensive neurological examination led to a tentative diag-
nosis of multiple sclerosis. 
Ophthalmological examination 
Visual acuity VOD : S + 6.0 0.1. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Visual fields (Goldmann) 
VOS: S+ 3.75 1.0. 
Divergent strabismus OD, about 25°. 
ODS: Normal. 
ODS: Normal. 
OD: The temporal side of the disc is somewhat 
pale. Normal vasculature of the large vessels in 
the posterior pole and normal macula. Normal 
vascular pattern in the peripheral funuds. No peri-
pheral changes at the indentation either. 
OS: The disc presents a normal appearance. The 
vasculature of the retina is normal in the posterior 
pole and in the periphery. 
OD: Central sensitivity decreased. No limitation 
of visual field. 
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OS: Normal. 
Visual evoked responses OD: No potentials recordable. 
OS: Normal. 
Colour vision OD: Distinctly disturbed. 
OS: Normal. 
Conclusion 
Amblyopia as a result of anisometropia. Opticopathy OD, possible as a result 
of multiple sclerosis. No symptoms of DEVR. 
Subject 11-2(03-12-33) 
History 
No visual complaints. Good general health. 
Ophthalmological examination 
Visual acuity VOD: 1.0, uncorrected. 
VOS: 1.0, uncorrected. 
Eye position Straight. 
Anterior segments ODS: Unmistakable opacities of the posterior 
cortex of both lenses. Their centre is fairly clear. 
Vitreous ODS: Normal structure; dust-like particles. 
Fundi OD: Normal posterior pole. In the equatorial 
zone, the temporal fundus shows no distinct vas-
cular anomalies. At 11 o'clock just outside the 
equator there is a small circular defect. The retina 
peripheral to the equator shows no vascular rami-
fications, but assessment of details in this area is 
difficult due to the lens opacities. 
OS: Normal posterior pole. The peripheral vas-
cular pattern is not anomalous, but assessment of 
the vascularity of the extreme periphery is again 
impossible. Some pigmentations are visible in the 
superior temporal part of the mid-periphery. 
Conclusion 
No distinct vascular anomalies consistent with DEVR, but some slight de-
generative changes in the peripheral fundus. Assessment of small details in the 
fundus is impossible due to some media opacities. 
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3.7 The F family 
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Figure 87. Pedigree of the F family. 
Introduction 
The proband of this family was traced in view of a publication (Hamburg 
1963) which reported some clinical data on him. The combination of a so-
called pseudoglioma in one eye and congenital retinal fold in the other was 
suggestive of a diagnosis of DEVR, and gave me sufficient motivation to ex­
amine this patient and his immediate relatives. The fact that histological data 
were available — one eye having been enucleated at the time — was an ad­
ditional motivation for re-examination. 
Proband IV-1 (19-08-61) 
History 
The parents observed eye abnormalities about a month after birth. Ophthal-
mological examination disclosed a retrolental tissue mass in OD, probably 
associated with total retinal detachment. The fundus OS showed a congenital 
retinal fold. Enucleation OD was performed six weeks after birth because a 
malignant tumour could not be excluded. The microscopic speciment pre­
sented no indications of a retinoblastoma. 
Pregnancy and parturition had been uneventful. Birth weight was 3000 g 
and no neonatal oxygen administration is on record. During the first few 
weeks post partum there were a few days of fever and some regurgitation of 
food. These symptoms disappeared spontaneously. A cardiological examin­
ation was made, allegedly in view of a heart murmur, but no congenital heart 
defect was found. 
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General health in childhood was good. In view of his visual handicap the 
patient attended school at an institution for visually handicapped children. 
Ophthalmological examination (January 1981) 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
V O S : S - 12.0/Cyl.-2.0 axis 110° 1/60-1/30 
Pronounced pendular nystagmus. 
OD: Prosthesis. 
OS: Clear cornea. Normal depth of anterior 
chamber. Gonioscopy reveals no abnormality of 
the iridocorneal angle. The aqueous humour con-
tains no cells. The iris is not atrophic and has no 
synechiae. The lens shows some subcapsular 
opacities on the temporal side, which are opti-
cally not very obtrusive. 
OS: The retrolental vitreous is of normal struc-
ture, without cells. The posterior part of the vit-
reous space is optically empty due to posterior 
vitreous detachment. 
Figure 88 (IV-1). OS. Falciform retinal fold. 
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Fundi OS: From the disc, a falciform retinal fold ex-
tends through the centre of the posterior pole to 
the inferior temporal fundus periphery (Figure 
88). The retinal fold ends in a local mass of white 
tissue which is attached to the lens equator near 
4 o'clock and the pars plana. The vascular 
branches on the disc are distorted in the direction 
of the fold. The macula cannot be identified. 
Temporal to the posterior pole, there are small 
areas of RPE atrophy and gross pigmentations 
near the base of the retinal fold. This area also 
comprises some candlewax-like exudates in the 
retina. No neovascularizations or retinal defects. 
The retina anterior to the temporal equator out-
side the fold seems avascular. Due to nystagmus 
and a few media opacities it is impossible to 
assess minute details in the fundus. 
Pathology 
The report on the pathological examination of the enucleated eye is presented 
in Chapter 4 (see also Figures 119 and 120). 
Conclusion 
History and clinical findings suggest a bilateral congenital proliferative retino-
pathy, which has led to total retinal detachment OD and a falciform retinal 
fold OS. The anomalies may be consistent with severe DEVR. 
Subject 111-1(18-09-28) 
History 
The proband's father had several attacks of fairly severe iridocyclitis of both 
eyes. No abnormalities at general physical examination. A sister is reported to 
have a lazy eye, but otherwise the family history reveals no ophthalmological 
abnormalities. No record of consanguinity between III-l and III-2. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
VOS: S - 1 . 0 1.0. 
VOS: S -1 .75 LO. 
Straight. 
ODS: The aqueous humour contains no cells and 
shows no positive flare. Slight pigment film on 
the anterior lens capsule. No synechiae. 
ODS: Normal structure, but contains a consider-
able number of cells. 
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Fundi OD: Normal posterior pole. Extreme retinal peri-
phery slightly whitish, especially on the temporal 
side; no distinctly visible retinal vessels. In the 
equatorial zone, however, the configuration of 
the retinal vessels is normal. No pigmentations 
exudates or defects of the retina. 
OS: Mydriasis and examination by mirror contact 
lens was avoided at the patient's request. So far 
as can be seen, posterior pole and mid-periphery 
show no anomalies. 
Conclusion 
Mild residual symptoms of uveitis ODS. Peripheral retinal vascular branches 
are not clearly visible in OD. No unmistakable symptoms of DEVR. 
Subject 111-2(29-06-27) 
History 
VODS in the proband's mother is alleged to have always been subnormal. 
Good general health apart from arthrosis of the fingers of both hands. Menin-
gitis in childhood, with subsequent recovery without residual symptoms. Nor-
mal birth weight. 
Family history 
This woman's parents (II-2 and II-3) are reportedly consanguineous, but both 
are reported to have always had good eyesight. Her only sister (III-3) and her 
offspring show no anomalies. One of her uncles (II-l) is reported to have been 
virtually blind from early infancy. One of her maternal cousins has had poor 
eyesight from the start. There is a record of strabismus in one of her mother's 
brothers and in her mother's father (1-1). 
Ophthalmological examination 
Visual acuity VOD: S + 3.5/Cyl. - 2.0 axis 120° 0.5. 
VOS: S + 3.75/Cyl. - 2.0 axis 80° 0.3. 
Anterior segments ODS: The retrolental vitreous is of normal struc-
ture and shows no cells. 
Fundi OD: The disc seems normal. The configuration of 
retinal vessels in the posterior pole is normal, as 
is the macula. The temporal fundus periphery, 
however, shows anomalies: between the 7 and 
the 12 o'clock meridian, a sector of retinoschisis 
extends in central direction to slightly beyond 
the equator. Small ramifications of retinal vessels 
are visible in the most central part of the retino-
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schisis, but most of the area peripheral to the 
4
 equator comprises no visible vessels. The configu-
ration of the retinal vasculature along the central 
demarcation of the retinoschisis is somewhat 
aberrant: some venous branches curve slightly 
back. No striking tortuosities, and no abnor-
mally large number of small venules and arterioles 
in this area. No pigmentations or defects in the 
peripheral retina. 
OS: From the disc, the temporal retinal vessels 
take a slightly stretched course in temporal direc-
tion, but no other anomalies are visible in the 
posterior pole. Retinoschisis is seen in the su-
perior temporal quadrant of the peripheral 
fundus. Its central demarcation is roughly the 
equator. The pattern of retinal vessels in the tem-
poral equatorial zone is not aberrant. Peripheral 
to the equator, however, no ramifications of reti-
nal vessels are visible in the retinoschisis; nor are 
any visible in the inferior temporal quadrant. 
Assessment of small details in the extreme peri-
phery is impossible due to slight vitreous opacities 
anterior to this region. No retinal defects, pig-
mentations or neovascularizations are found. 
Conclusion 
Subnormal VODS. Bilateral retinoschisis in the temporal fundus periphery, 
combined with slight retinal vascular anomalies, especially in OD. The find-
ings may well be a result of DEVR. 
Subject IIU (18-12-32) 
History 
Diminished VODS from early infancy. Patient attended normal primary 
school and could read with difficulty using the left eye, which was better 
than the right. At age 13, VOS diminished acutely due to a retinal haemorr-
hage (no longer any light perception). The patient was transferred to a home 
for the visually handicapped. Secondary glaucoma OS at age 18; two sub-
sequent glaucoma operations. VOD has gradually diminished in recent years. 
Good general health. Birth weight believed to have suggested slightly pre-
mature birth (some 2000 g). No record of neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: 1/60. 
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Figure 89 (UM). Stereo-photograph. Anterior segment OS. 
Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
VOS; No light perception. 
Straight; pendular nystagmus. 
OD: 14 mm Hg. 
OS: 22mmHg. 
OD: Slight band keratopathy near the inferior 
limbus of the cornea. Cornea otherwise clear. A 
few posterior synechiae. Local subcapsular pos-
terior cataract on the temporal side. The lens 
shows a few dense local opacities in the anterior 
cortex, and some nuclear cataract. 
OS: Cornea of normal diameter. Near the limbus 
on the superior and on the nasal side, scars of the 
glaucome operations are visible. There is some 
nasal and temporal band keratopathy. The tem-
poral inferior quadrant of the cornea is likewise 
dystrophic due to extensive synechiae (Figure 
89) between endothelium and iris in this sector. 
The iris shows many white fibrotic scars and is 
atrophic. An opaque tissue mass is visible through 
a small pupillary aperture in the deformed iris. 
OD: A few membranes are visible in the central 
and retrolental vitreous space. On the posterior 
side of the lens capsule in the inferior temporal 
quadrant, a white tissue mass is attached near the 
lens equator. 
OD: The large vascular branches on the disc are 
deformed, and distorted in inferior temporal 
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direction. From the disc, a large falciform retinal 
fold extends through the centre of the posterior 
pole to the temporal fundus periphery (Figure 
90). The protrusion of the fold in the vitreous 
space increases as the fold approaches the fundus 
periphery. Near 8 o'clock, the peripheral end of 
the retinal fold is enveloped in a white gliotic 
tissue mass, which with the slit-lamp can be ob-
served on the posterior side of the lens in the 
inferior temporal quadrant. The macula is not 
identifiable: it is apparently enveloped in the ret-
inal fold. The posterior fundus shows striking 
anomalies of the choroid and the pigmented layer 
of the retina. In large areas, mostly inferior and 
temporal to the disc, these structures are virtually 
invisible; one looks through the neuroretina al-
most directly upon the sclera. Many gross pig-
ment deposits are seen adjacent to these areas 
(Figure 90). More delicate pigmentations are seen 
immediately anterior to the retina in the vitreous 
space at several sites in the fundus periphery. 
Some of them seem to be localized in a thin layer 
of retinoschisis. Some white proliferative tissue is 
localized on the retina anterior to the equator in 
the inferior nasal quadrant. No distinct vascular 
structures are visible in this area. Due to nystag-
mus and some media opacities, the degree of vas-
Figure 90 (III-4). OD. Stereo-photograph, Falciform retinal fold and extensive atrophic 
changes of choroid and pigment epithelium in the posterior pole. 
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cularization of the peripheral retina cannot be es­
tablished with certainty. 
Conclusion 
Congenital retinal fold OD and total vitreous organizations OS. The findings 
are consistent with a diagnosis of severe DEVR. 
3.8 The G family 
ι 
и 
Figure 91. Pedigree of the G family. 
Introduction 
The proband of this family had been known at our department since 1971 as 
showing severe bilateral ophthalmological changes regarded as a possible con­
sequence of congenital toxoplasmosis. The patient was brought to my atten­
tion in view of a falciform retinal fold in the left eye. 
Proband II-2 (23-09-62) 
History 
The following data were supplied by the patient and her parents, and retrieved 
from previous examinations at our department. When the patient was about 
10 months old, the parents noticed an anomalous eye position. According to 
the mother, the district nurse had previously remarked on this, but little 
attention had been paid. Ophthalmological examination at the Royal Vic­
torian Eye Hospital in Melbourne (the family was living in Australia at the 
time) disclosed bilateral fundus changes interpreted as congenital dysplasia of 
unknown cause. In her pre-school years she could manage very well, mostly 
with the left eye which had the best visual acuity. During her primary school 
years in The Netherlands, visual acuity gradually deteriorated so that, at age 
8, she was transferred to a home for the visually handicapped. The patient 
had been delivered by forceps extraction under general anaethesia. She is re-
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ported to have been placed in an incubator on the day after birth, with mild 
neonatal oxygen administration. Birth weight 3500 g. No premature birth. 
The mother was febrile during a few days in the latter half of the pregnancy, 
but the cause of this is unknown. No paternal or maternal family history of 
eye diseases. One of the mother's brothers reportedly has a possibly congenital 
heart condition. 
Ophthalmological (1971, 
Visual acuity 
Intraocular pressure 
Eye position 
Anterior segments 
Vitreous 
Fundi 
ERG 
Ultrasonography 
age 9) 
VOD: No light perception. 
VOS: 4/60, correction not feasible. 
OD: Not exactly determinable. 
OS: 6/7.5 (Schutz tonometer). 
Pendular nystagmus. 
OD: Subnormal corneal diameter. Severe band 
keratopathy. Anterior chamber shows funnel-
shaped depression. Pupil distorted in nasal dire-
ction and of irregular shape. Atrophy of the iris 
and extensive posterior synechiae. A totally 
white opaque lenticular mass is visible in the pup-
illary aperture. 
OD: Inspection not feasible. 
OS: Many cells and some membranes. 
OD: Inspection not feasible. 
OS: From the disc, a falciform fold extends 
through the centre of the posterior pole in tem-
poral direction. The large vessels on the disc are 
distorted in the same direction, and partly follow 
the course of the fold (Figure 92). Some gross 
pigmentations are visible slightly superior to the 
fold in the posterior pole. The choroid and the 
pigmented layer show marked atrophy near the 
disc. In the extreme temporal periphery, the raised 
retinal fold ends in a greyish tumour-like mass 
with a wrinkled surface. 
OD: No recordable potentials. 
OS: Diminished photopic and scotopic responses. 
OD: The vitreous space is almost entirely filled 
by opacities in which the retina cannot be ident-
ified. 
General physical examination 
This examination (at the paediatric department) revealed no abnormalities. 
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Figure 92 (II-2). OS. Disc with central portion of a falciform retinal fold. 
Laboratory 
Blood 
Serum 
Enzymes 
Serological 
studies 
tests 
Toxoplasmosis 
Immunofluorescence 
Toxocara 
Ascaris 
Syphilis 
ESR 5 mm in the first hour. 
Hb7.9mmol/l. 
Haematocrit 0.39. 
WBC 6000, with normal differentiation. 
Urea: 4.13mmol/l. 
Creatinine: όΟμηιοΙ/Ι. 
Normal SCOT, SGPT and alkaline phosphatase 
values. 
Complement fixation test 1:4. 
1:128. 
Complement fixation test negative. 
Complement fixation test negative. 
All tests negative. 
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Rheumatic disease 
Radiological examination 
Skull 
Teeth 
Chest 
Paranasal sinuses 
Diagnosis (1971) 
Falciform retinal fold as a result of congenital toxoplasmosis. 
Course 
Between age 11 and age 13 this patient was repeatedly seen at our department 
with symptoms of uveitis OS. The aqueous humour showed a positive flare in 
varying degrees, and cells were sometimes seen. Upon exacerbations she was 
treated by mydriatics, local application of Decadron (dexamethasone) and 
also, briefly, with oral prednisone. Unfortunately, secondary glaucoma devel-
oped and patient lost light perception OS also, at age 15. 
Ophthalmological examination (1981) 
OD as described above. OS is small, like OD, and also shows a reduced corneal 
diameter (9 mm). The pupil is narrow and irregular. The iris shows numerous 
posterior synechiae. In the pupillary aperture, a white mass is visible in a 
shrunken lens capsule. Inspection of the vitreous space is impossible. 
Conclusion 
Although the changes had been previously interpreted as consequences of 
congenital toxoplasmosis, the extensive vitreous proliferations, the falciform 
retinal fold, the extensive pigment scars and the irritation of the anterior seg-
ment are all features which can be encountered in DEVR. This diagnosis was 
confirmed when the anomalies in the eyes of this patient's sister (II-l) were 
found. 
Subject II-l (22-12-58) 
History 
No visual complaints. Good general health. The patient is four months pregnant. 
Her birth weight was 3750 g. No record of neonatal oxygen administration. 
AST 75 U. 
Rose test 1:32. 
Latex negative. 
Some circumscribed calcifications are visible in 
the right parietal and occipital regions. Findings 
consistent with a previous toxoplasmosis. 
OPT: Some hypoplastic teeth in the permanent 
dentition. 
No significant changes. 
No significant changes. 
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Figure 93 (II-l). OD. Some chorioretinal scars in the posterior pole, 
Ophthalmological examination 
Visual acuity 
Eye position 
Vitreous 
Fundi 
1.5 axis 0 1.0. 
-1.5 axis 30° 1.0. 
VOD:S-2.0/Cyl.-
VOS:S-2.25/Cyl. 
Straight. 
ODS: Normal structure, no cells. 
OD: Normal configuration of the large retinal 
vessels in the posterior pole. Immediately superior 
to the macula there are four small circular scars, 
characterized by atrophy of RPE and pigment 
deposits in the neuroretina (Figure 93). The tem-
poral fundus periphery shows a pale, band-like 
zone which between 7 and 11 o'clock extends in 
the equatorial zone and slightly meanders. In this 
pale retinal zone, the retinal vessels are clearly 
seen to terminate in short multiple ramifications 
(Figure 92). The retina peripheral to this zone is 
of slightly darker colour and avascular. The nasal 
fundus periphery presents a normal appearance. 
No retinal defects, exudates or neovascular-
izations are seen. 
OS: Entirely normal posterior pole. No band-like 
pale zone as in OD. However, a striking finding is 
that the retinal vessels end in terminal ramifi-
cations in the temporal equatorial zone. The peri-
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Figure 94 (II-l). OD. Pale band-like zone in the temporal equatorial zone. 
pheral retina contains not a single vessel anterior 
to the equator between the I and the 5 o'clock 
meridian. 
Conclusion 
Symptoms of incomplete vascularization of the peripheral retina ODS, con-
sistent with a diagnosis of DEVR. 
Subjects 1-1 and 1-2 
The proband's parents were both examined ophthalmologically. As in virtually 
all patients described in this study, the fundi were examined by slit-lamp bio-
microscopy. However, this technique failed to identify any symptoms of 
DEVR in either parent. Consanguinity between the parents was not on record 
and is highly unlikely, because they come from different parts of The Nether-
lands. No eye diseases were known in the families of the two parents. 
It must be assumed that one of the parents possesses the DEVR gene, but 
that in this case the condition is not penetrant. It cannot be excluded that 
fluorescein angiography of the peripheral fundus might have disclosed minor 
anomalies in one of the parents. However, fluorescein angiography could not 
be performed. 
3.9 The H family 
Introduction 
The proband of this family was referred to our department in June 1980 with 
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Figure 95. Pedigree of the Η family. 
a recently detached retina. In this patient I found fundus changes suggestive 
of DEVR, and consequently an ophthalmological family study was carried 
out. 
Proband IV-6 (28-08-54) 
History 
This 25-year-old man was referred to our department by his ophthalmologist, 
with retinal detachment OS. Vision of this eye had deteriorated in the past five 
days. No recent history of any traumatic injury. According to the patient the 
left eye was lazy and had always shown low visual acuity. No record of 
amblyopia treatment. No record of premature birth or neonatal oxygen 
administration. General health reported to be good. The patient had had 
meningitis and bilateral otitis media at age 2. 
Family history 
The patient's mother (III-3), uncle (III-6) and grandfather (II-l) had been sur­
gically treated for retinal detachment. 
Ophthalmological examination 
Visual acuity VOD: S - 2.25/Cyl. 
Cycloplegic refraction 
Eye position 
Anterior segments 
Vitreous 
1.0 axis 5 0.8. 
VOS: 2/60, correction not feasible. 
OD: S - 2.25/Cyl. - 1.0 axis 5°. 
OS: S - 2.25/Cyl. - 2.5 axis 170°. 
Virtually straight. No nystagmus. 
ODS: Normal. 
OD: No cells or membranes. Some liquefaction. 
OS: Numerous pigment particles. Some lique­
faction. Preretinal membranes in the posterior 
vitreous space. 
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Figure 96 (IV-6). OS. Total retinal detachment. 
Fundi OD: In the posterior pole, the temporal retinal 
vessels take a slightly stretched course from the 
disc in temporal direction, with hardly noticeable 
ectopia of the maculae in that direction. The disc 
is normal. Temporally, no retinal vessels are vis-
ible anterior to the equator. It is difficult to see 
where the most peripheral ramifications end. At 
11 o'clock, a small circular defect anterior to the 
equator is surrounded by local whitish degener-
ation in the avascular retinal periphery. 
OS: Total movable retinal detachment, protruding 
slightly in the vitreous space in the superior and 
central parts, but markedly in the inferior part of 
the fundus (Figure 96). Despite the retinal de-
tachment, it is evident that the vascular pattern 
of the retina is aberrant. Especially in the nasal 
and superior temporal quadrants, the vessels are 
tortuous and terminate in a well-defined zone 
which demarcates an avascular retinal periphery. 
The latter part comprises two small, nearly cir-
cular defects in the superior nasal quadrant (Fig-
ure 97). No exudates or distinct neovascular-
izations. 
Fluorescein angiogram OD: The retinal vessels outside the posterior pole 
are not readily distinguishable due to poor con-
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Figure 97 (IV-6). OS. Defect in avascular part of retinal periphery (arrow). Note the well-
defined demarcation between vascular and avascular retina. 
trast with the choroidal fluorescence. However, 
the equatorial retina proves to be non-perfused 
(Figure 98). The late phase shows no fluorescein 
leakage in the posterior pole and the temporal 
part of the retina. 
OS: The perfusion of the periphery of the de-
tached retina terminates abruptly in the nasal 
and superior temporal quadrants. The most peri-
pheral capillaries show irregular dilatations and 
loops. Intensive fluorescein leakage from these 
vessels is observed (Figure 99). The late phase of 
the posterior pole shows fluorescein staining of 
the subretinal fluid and some leakage from the 
disc. 
Figure 98 (IV-6). OD.'The late phase of the fluorescein angiogram shows the hardly vis­
ible termination of retinal vessels near the equator (arrows). The retinal area on the left 
is avascular. No fluorescein leakage. 
General physical examination 
The patient's habitus is somewhat gracile and leptosome. Height 183 cm, 
weight 69 kg. Blood pressure 120/70. Pulse rate 60/min, regular. No anomalies 
apart from thoracic kyphoscoliosis. 
Dental examination 
Chronic periapical inflammation of M2Sd. No congenital abnormalities of the 
teeth and jaws. 
Laboratory studies 
Blood ESR 12 mm in the first hour. 
Haemoglobin 9.8 mmol/1. 
Haematocrit 0.48. 
WBC 7300/mm3. 
Differentation: 58% neutrophils 
35% lymphocytes 
2% eosinophils 
5% monocytes. 
Serum Electrolytes: Na 135, К 4.4, Cl 98 mmol/1. 
Urea 7.5 mmol/1. 
Creatinine 82 mmol/1. 
Glucose 4.2 mmol/1. 
Urine Specific gravity 1032. 
Glucose negative. 
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Figure 99 (IV-6). OS. Fluorescein angiogram of the periphery of the detached retina 
near 12 o'clock. Unmistakable non-perfusion of the peripheral retina and some leakage 
from a broad zone of aberrant ramifications. 
Coagulation studies 
Conclusion 
Acetone negative. 
Urobilin trace. 
Porphobilin negative. 
Bleeding time (Ivy) 4 min 3 sec. 
Platelets 159 000/mm3. 
Thromboplastin time (Quick) 19 sec. 
Thrombotest (Owren) 41%. 
Cephalin-kaolin time 32 sec. 
Fibrinogen content 4785 mg/1. 
Thrombin time 18 sec. 
Fibrin degradation products 15 mg/1. 
Ethanol gelation test negative. 
No anomalies. 
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Therapy and course 
In view of the preretinal vitreous membranes and the rigid retinal folds, a vit-
rectomy was performed. A silicone encircling band was applied to the equator 
(nr. 40). Using the Ocutome system, many tough pigmented membranes were 
removed from the vitreous via the pars plana. Puncture of the superior tem-
poral sclera yielded a large amount of viscous fluid. A mixture of 80% air and 
20% SF6 gas was insufflated via the pars plana. The retina failed to efface 
properly: a superior temporal fold persisted. Cryocoagulation round the clock 
peripheral to the encircling band. 
Total retina re-detachment OS within a week of this procedure. No open 
retinal defect was visible. Again, pars plana vitrectomy, gas insufflation and 
drainage. A long silicone expiant was inserted beneath the encircling band in 
both inferior quadrants. Within two weeks of this operation, subretinal fluid 
had accumulated again and total retinal re-detachment occurred. Peripheral to 
the buckle, a small circular defect seemed to have developed at 4 o'clock. 
Six weeks after the fir.t operation a third vitrectomy was performed. 
Figure 100 {IV-6). OS. Attached retina after intravitreous injection of silicone oil. The re-
flex superior to the macula comes from the posterior surface of the oil bubble. 
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There were no longer пыпу membranes in the central vitreous space, but 
some membranes were present on the retina itself The latter could not be re­
moved with the vitrectomy apparatus A drainage aperture was made in the 
sclera and 4 ml silicone oil was gradually injected As a result the retina effaced 
almost entirely. After this operation the entire retina was in its proper position 
(Hgure 100) 
The retinal defect in OD was surrounded by two rows of coagulates with 
the Argon laser The situation remained unchanged over a follow-up period of 
6 months, apart from the development of a slight subcapsular postenor cata­
ract m OS. VOS was 0.12 with correction S - 1 0 
Conclusion 
Rhegmatogenous retinal detachment OS with bilateral vascular anomalies of 
the retinal periphery consistent with a diagnosis of DEVR. 
Sub/eet III-3 (20-01-23) 
History 
The left eye of this 57-year-old mother of the proband is reportedly lazy and 
has poor visual acuity Virtually total retinal detachment OD in 1979. Her 
ophthalmologist reported a fair-sized circular retinal defect in the temporal 
periphery. In this area, a double sponge was applied to the sclera. After cryo-
coagulations the retina re-attached itself. A few degenerative spots in the peri­
phery of the left eye were treated by Xenon coagulation. General health be­
lieved to be good. No record of premature birth. 
Ophthalmological examination 
Visual acuity VOD S - 3.0/Cyl. 1.25 axis 65° 0.5. 
VOS S - 7.0/Cyl. - 3 0 axis 115° 2/60. 
Intraocular pressure OD 17 mm Hg 
OS 14 mm Hg. 
Anterior segments ODS Normal. 
Eye position Divergent strabismus OS (narrow angle). 
Vitreous OD Some liquefaction but otherwise normal 
structure. Some pigment particles 
OS Some liquefaction. Some pigment particles. 
A delicate vitreous membrane is seen anterior to 
the temporal fundus periphery. 
Fundi OD A small area of chonocapillans and pig­
mented layer atrophy and some pigmentations 
are seen on the temporal side of the disc The ret­
inal vessels in the posterior pole take a slightly 
stretched course in temporal direction. Some 
temporal ectopia of the macula. Near the equator 
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between 9 and 11 o'clock, a buckle surrounded 
by coagulation scars is visible No visible defect 
The temporal retinal vessels terminate m delicate 
ramifications anterior to the equator. No ex-
udates or neovascularizations. 
OS The disc implantation is askew in inferior 
temporal direction, but no signs of dragged disc. 
As m OD, there is some diffuse atrophy of the 
chonocapillans and pigmented layer so that the 
choroidal vessels and sclera are clearly visible. 
The temporal branches of the retinal vessels take 
a slightly stretched course to the inferior tem-
poral periphery, with some macular ectopia in 
the same direction Many coagulation scars are 
seen anterior to the equator. Peripheral to these, 
no retinal vessels but only some whitish spots are 
seen in the temporal fundus. No retinal exudates, 
defects or neovascularizations. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. Amblyopia OS due to anisometropia. Surgically treated rhegmato-
genous retinal detachment OD. 
Subject IV-5 (30-06-52) 
History 
No visual complaints. Good general health. Birth weight 3500 g. 
Ophthalmological examination 
Visual acuity VOD· S - 1 25 0.8. 
VOS S - 1.25 0.8. 
Eye position Straight. 
Antenor segments ODS. Normal. 
Vitreous ODS Normal structure, no cells. 
Fundi OD Normal posterior pole. No ramifications of 
retinal vessels are visible in the extreme temporal 
periphery. No exudates, defects or neovascular-
izations. 
OS" Normal posterior pole. A few vascular rami-
fications seem to terminate abruptly anterior to 
the temporal equator. At 12 o'clock near the 
equator there are some irregular dilatations of 
small vessels. 
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Fluorescein angiography OD: The early phase shows some curved and re-
versing vascular branches in the temporal equa-
torial zone. 
OS: Temporal periphery shows the same features 
as in OD. The vascularization of the retina peri-
pheral to these branches is not properly assessable. 
No leakage from the peripheral vessels of in the 
posterior pole. 
Conclusion 
This patient shows minimal vascular anomalies in the peripheral retina ODS, 
but a positive diagnosis of DEVR cannot be established with certainty. 
Subject IV-8 (06-08-57) 
History 
No visual complaints. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: 1,0, uncorrected. 
VOS: 1.0, uncorrected. 
Straight. 
ODS: Normal. 
ODS: Normal structure, no cells. 
OD: The temporal aspect of the disc is somewhat 
pale. Normal vasculature in the posterior pole. 
Anterior to the equator the peripheral ramifi-
cations of the retinal vessels terminate rather ab-
ruptly. The demarcation of the avascular retinal 
periphery deviates in central direction at 9 o' 
clock, giving rise to a wedge-shaped outpouching 
of the avascular periphery between the most peri-
pheral ramifications. In the equatorial zone there 
are some curved and reversing venous branches at 
12 o'clock. No retinal defects, exudates, pigmen-
tations or neovascularizations. 
OS: Features of posterior pole and fundus peri-
phery virtually identical to those in OD. 
Conclusion 
The symptoms are consistent with mild, uncomplictated DEVR. 
Subject IV-9 (06-03-59) 
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History 
No visual complaints. Good general health. Birth weight 3650 g. 
Ophthalmological examination 
Visual acuity VOD: Cyl. - 0.5 axis 0° 
Eye position 
Vitreous 
Fundi 
1.25. 
VOS: S + 0.25/Cyl. - 0.25 axis 10° 1.0. 
Straight. 
ODS: Normal structure, no cells. 
ODS: The superior and inferior vessels in and 
about the posterior pole are slightly stretched in 
temporal direction. No distinct macular ectopia. 
In the temporal periphery the retinal vessels ter-
minate immediately peripheral to the equator. 
Some venous ramifications central to the equator 
are tortuous. No other complications. 
Conclusion 
Mild asymptomatic DEVR. 
Subject IV-10(¡4-08-60) 
History 
No visual complaints. Good general health. Birth weight 3300 g. 
Ophthalmological examination 
Visual acuity VOD: S + 0.25/Cyl 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Fluorescein angiogram 
0.5 axisO 1.0. 
VOS: S -0 .25 1.0. 
Straight. 
ODS: Normal. 
ODS: Minute dust-like particles. Normal structure. 
OD: Normal posterior pole. In the temporal zone 
between 8 and 11 o'clock, numerous slightly 
stretched, more or less parallel vascular ramifi-
cations terminate fairly abruptly near the equa-
tor. A pigmented scar is localized just within the 
avascular retina at 9 o'clock. 
OS: Norma] posterior pole. Retinal vessels end 
temporally in the equatorial zone. The superior 
temporal part of the non-perfused retinal peri-
phery comprises a snail track-like lesion in which 
a few minute defects are distinguishable. No 
complications such as exudates or neovascular-
izations in either fundus. 
OD: The early exposures show the equatorial 
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Figure 101 (IV-10). OD. Late phase of the fluorescein angiogram shows non-perfusion of 
the temporal retinal periphery. A well-defined zone of terminal ramifications is absent, 
and there is no fluorescein leakage in the retina. 
zone near 9 o'clock. No distinct anomalies of the 
choroidal circulation. The retina] vessels end at 
the level of the equator, some showing a curva-
ture near their termination. The scar is clearly 
visible as a pigmented layer defect. Strikingly, 
the late phase shows no leakage from the peri-
pheral vascular ramifications (Figure 101). The 
late phase of the posterior pole shows slight hy-
perfluorescence of the disc, but no leakage from 
the perimacular capillaries. 
OS: Late exposures of the equatorial zone at 3 
o'clock show non-perfusion of the retina anterior 
to the equator. No leakage from the most peri-
pheral branches of the retinal vessels, nor from 
vessels in the posterior pole. 
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Conclusion 
Unmistakable non-perfusion of the temporal retinal periphery ODS, consistent 
with a diagnosis of DEVR. 
Subject IV-11 (02-04-62) 
History 
No visual complaints. Birth weight 3700 g. No neonatal oxygen adminis-
tration. 
Ophthalmological examination 
Visual acuity VOD: S - 4.25 0.8. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Fluorescein angiogram 
VOS: S - 6 . 0 0.8. 
Slight exophoria. 
ODS: Normal. 
ODS: Normal structure, no cells. 
OD: The temporal vascular ramifications in the 
posterior pole take a slightly stretched course in 
temporal direction. In the central part of the pos-
terior pole the retina shows a few minute white 
spots, probably very small exudates. In the tem-
poral mid-periphery a fair number of retinal ves-
sels take a more or less parallel, radial course and 
terminate abruptly near the equator. The non-
perfused retinal periphery shows features of white 
without pressure at some sites. The nasal fundus 
periphery is normally vascularized. No retinal de-
fects. 
OS: The vascular pattern of the posterior pole is 
virtually identificai to that in OD, but without 
paramacular exudates. The pattern of the tem-
poral equatorial zone is likewise highly similar to 
that in OD. The superior temporal avascular ret-
inal periphery comprises some areas of whitish 
degeneration without distinct defects. 
OD: Late phase: abnormal vascular pattern of 
ramifying more or less parallel vessels central to 
the equator. No fluorescein leakage. 
OS: Early phase of the equatorial zone (3 o'clock). 
The retinal vessels terminate equatorially in rami-
fications. Normal perfusion of the peripheral 
choroid. Two pigment epithelium defects immedi-
ately peripheral to the extreme ramifications of 
the retinal vessels (Figure 102). Late exposures 
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Figure 102 (IV-11). OS. Non-perfusion of the temporal retinal periphery. No fluorescein 
leakage in the marginal zone. 
show no leakage from peripheral vessels and from 
perimacular capillaries. 
Conclusion 
Unmistakable absence of retinal vasculature in the peripheral retina consistent 
with a diagnosis of DEVR. 
Subject 111-2(30-11-21) 
History 
No visual complaints. Good general health. Birth weight about 3000 g. 
Ophthalmological examination 
Visual acuity VOD: S - 0.5/Cyl. - 2.25 axis 170° 0.6. 
VOS: S-0.25/Cyl. - 1.75 axis 5° 1.0. 
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Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
Straight. Very nasal corneal reflex especially in 
OD. 
ODS: 20mm Hg. 
ODS: Normal. 
ODS: Normal structure, no cells. 
OD: Vessels in the posterior pole are distinctly 
stretched in temporal direction, with some macu-
lar ectopia in that direction. The retinal vessels 
temporal to the posterior pole are tortuous. An 
abrupt transition from vascular to avascular ret-
ina is visible anterior to the temporal equator. 
The avascular zone is visible up to the superior 
nasal sector. Some of the most peripheral ramifi-
cations show delicate telangiectases. A few gross 
pigmentations are visible in the temporal sector 
of the avascular retina. 
OS: The pattern of the large vessels in the pos-
terior pole is not distinctly abnormal. Nor is there 
evident macular ectopia. Near the equator in the 
superior temporal quadrant, a pale zone is visible 
in which the abundantly ramifying small retinal 
vessels terminate. The retina peripheral to this 
zone is avascular. The entire fundus, but especially 
the periphery, shows pigment paucity (as in OD) 
so that the large choroidal vessels are clearly vis-
ible. No retinal defects, pigmentations or neovas-
cularizations are visible. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject IV-1 (02-05-46) 
History 
Treatment of amblyopia OD during childhood. Surgical correction of con-
vergent strabismus at age 31. Birth weight about 3500 g. Good general health. 
Three months pregnant. 
Ophthalmological examination 
Visual acuity VOD: S - 1.75/Cyl. - 0.5 axis 15° 0.8. 
VOS: S - 3.25/Cyl. - 0.75 axis 165° 1.0. 
Eye position Convergent strabismus OD, about 3°. Central 
corneal reflexes. 
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Anterior segments 
Vitreous 
Fundi 
ODS: Normal. 
ODS: No abnormality apart from slight syneresis. 
OD: Normal posterior pole. The temporal fundus 
periphery shows white without pressure and no 
retinal vascularization. Central to the equator the 
temporal sector does show retinal vessels. No well-
defined demarcation between vascular and avas-
cular retina. 
OS: Normal posterior pole. White without press-
ure in the avascular temporal retinal periphery. 
Anterior to the temporal equator, a few retinal 
vessels show delicate multiple ramifications which 
are short and terminate slightly more anteriorly. 
Some of them curve back in central direction. No 
retinal defects, pigmentations or neovascular-
izations in either fundus. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject IV-2 (23-0747) 
History 
No visual complaints. Good general health apart from bouts of migraine. Birth 
weight about 4500 g. 
Ophthalmological examination 
Visual acuity VOD: S 
Eye position 
Anterior segments 
Vitreous 
Fundi 
0.25/Cyl.-0.25axisl5o 1.0. 
VOS: Cyl . -1.0 axis 15° 0.8. 
Straight. Positive kappa angle ODS. 
ODS: Normal. 
OD: Some pigment particles; normal structure. 
OS: Normal. 
OD: The large vessels in and about the posterior 
pole show some stretching in inferior temporal 
direction, with slight macular ectopia in the same 
direction. In the mid-periphery between 8 and 10 
o'clock a relatively large number of vascular 
branches are seen, several of which terminate in 
short, brush-like ramifications near the equator. 
Peripheral to them, the avascular retina com-
prises a few small pigmentations. 
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OS Less deformation of the large vessels in the 
posterior pole than in OD Minimal temporal 
macular ectopia The pattern of the peripheral 
retinal vasculature closely resembles that in OD 
At 6 o'clock in the periphery there is a snail-track 
with an atrophic area in the neuroretina. 
Conclusion 
Anomalies of the retinal vessels in the posterior pole and periphery ODS, con-
sistent with a diagnosis of DEVR 
Subject JIM (22-06-24) 
History 
VOD poor from the start. No record of ophthalmological treatment General 
health several attacks of otitis media, biliary complaints and migraine. Birth 
weight unknown. No record of premature birth or neonatal oxygen adminis-
tration. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD S - 4 . 0 2/60. 
VOS S - 3.5/Cyl. - 1.5 axis 5° 0 8. 
Straight Extremely nasal corneal reflex OD, giving 
the impression of divergent strabismus. Central 
corneal reflex OS 
OD Moderate subcapsular posterior cataract. 
OS Normal. 
OD Distinct syneresis. No particles or cells. A 
faire number of very thin vitreous membranes an-
terior to the nasal periphery of the retina 
OS Distinct syneresis. No particles or cells. 
OD The large vessels show marked distortion 
from the disc in temporal direction. The macula 
shows ectopia in the same direction and is de-
formed. An area of pigment epithelium atrophy 
with sharply defined, irregular margins is seen tem-
poral to the posterior pole. A few gross pigmen-
tations are seen near the temporal equator. The ret-
inal vessels in this area are tortuous and show some 
dihatations, and they terminate peripheral to the 
equator. A few small exudates are visible at 9 
o'clock. The nasal fundus periphery is likewise 
affected. Thin membranes are visible anterior to 
the inferior nasal retinal periphery, and there 
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may be local retinoschisis in this area. The nasal 
retinal periphery also seems avascular, but it is dif-
ficult to establish this due to the media opacities. 
No evidence of defects or neovascularizations. 
OS: The vessels of the posterior pole take a 
slightly stretched course in temporal direction. 
Only slight macular ectopia. The temporal equa-
torial zone comprises a slightly aberrant pattern 
of small vascular branches, some of which curve 
back in central direction. Peripheral to the equa-
tor, no retinal vessels are visible between 2 and 4 
o'clock. No retinal defects or neovascularizations. 
Conclusion 
Distinct bilateral peripheral retinal vascular changes consistent with a diagnosis 
of uncomplicated DEVR. 
Subject IV-13 (27-05-59) 
History 
No visual complaints. Anxious young man who, like his brother (IV-12) is 
mentally underendowed. Both brothers show low implantation of the ears. 
No record of premature birth or neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: 1.0 with corrective spectacles. 
VOS: 1.0 with corrective spectacles. 
Eye position Straight. Central corneal reflexes. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal. 
Fundi OD: Contact lens examination is difficult due to 
insufficient cooperation. No distinct fundus 
changes observed. 
OS: Examination with the contact lens less dif-
ficult. Normal posterior pole. The vasculature 
central to the temporal equator seems slightly 
aberrant. Possibly avascular retina anterior to the 
equator. No evidence of retinal defects, exudates 
or neovascularizations. 
Conclusion 
Probably mild peripheral fundus anomalies OS, consistent with a diagnosis of 
uncomplicated DEVR. However, the diagnosis is not certain. 
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Subject 111-5(05-12-25) 
History 
No visual complaints. Good general health. Birth weight about 3500 g. 
Ophthalmological examination 
Visual acuity VOD: S - 0.25/Cyl. - 0.75 axis 100° 1.0. 
VOS: Cyl.-0.5 axis 95° 1.0. 
Eye position Straight. 
Intraocular pressure OD: 14 mmHg. 
OS: 16 mm Hg. 
Anterior segments ODS: Normal. 
Vitreous ODS: Posterior vitreous detachment. Normal 
structure. No cells or particles. 
Fundi OD: Normal posterior pole. Normal vascular-
ization of the nasal fundus periphery. In the tem-
poral mid-periphery, a few vascular branches curve 
back and have aberrant brush-like ramifications. 
Peripheral to them, the retina is avascular and 
shows some gross pigmentations and a few cobble-
stones. No retinal defects, exudates or neovas-
cularizations. 
OS: Normal posterior pole. Some tortuosity of 
retinal vessels in the temporal mid-periphery. A 
few small vessels have aberrant multiple ramifi-
cations or delicate telangiectases. An avascular 
retinal periphery is visible between 11 and 5 
o'clock. No retinal defects, pigmentations or ex-
udates. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject IV-14 (13-06-56) 
History 
No visual complaints. Good general health. Birth weight about 3000 g. 
Ophthalmological examination 
Visual acuity VOD: S - 1.0 0.8. 
VOS:S-1.0/Cyl.-0.5axis 115° 1.0. 
Eye position Straight. 
Anterior segments ODS: Normal. 
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Vitreous ODS Normal. 
Fundi ODS The vascular pattern seems to be slightly 
stretched in temporal direction, possibly with 
minimal macular ectopia Normal vascularization 
of the nasal fundus penphery. Some slight anom-
alies of the retinal vessels are visible in the equa-
torial zone near 9 o'clock in OD and near 3 o' 
clock in OS. A few venous branches curve back 
and show short ramifications in central direction. 
An avascular zone is visible in the temporal ret-
inal penphery ODS. Fundus features otherwise 
normal. 
Conclusion 
Very slight vascular anomalies m both fundi. It is not certain whether these 
represent a minimal manifestations of DEVR. 
Subject III-6 (05-03-34) 
History 
This man was not examined. According to his ophthalmologist there had been 
retinal detachment OD at age 17. Type of operative treatment unknown. Re-
portedly, there were multiple retinal defects. Most recently measured visual 
acuity VOD S + 1.0 0.3. VOS S - 2.0 1 2. The retina is attached in both 
eyes. Many pigmented scars in the fundus OD Nothing is known about poss-
ible retinal vascular anomalies. 
Subject 11-1(15-06-1889) 
History 
This meanwhile deceased man was reported to have had fairly good eyesight. 
Operation on the retina about 1964, but exact data could not be retrieved. 
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Introduction 
The female proband of this family was known at the out-patient clinic of the 
ophthalmological department of the Canisius-Wilhelmina Hospital as showing 
unilateral deformation of the vasculature of the posterior pole of the retina. 
Although no real retinal fold had formed, a mild form of falciform detach-
ment was considered. The unilaterality of the condition and the negative fam-
ily history initially seemed not to be suggestive of a hereditary condition. 
Proband IV-1 (01-11-76) 
History 
Divergent strabismus OS was noticed a few months after the birth of this now 
4-year-old girl. Pregnancy and parturition had been uneventful. Birth weight 
was 3000 g, and there was no neonatal oxygen administration. No general ab-
normalities apart from some motor retardation. 
Ophthalmological examination (at age 3) 
Visual acuity 
Eye position 
Anterior segments 
Cycloplegic refraction 
Vitreous 
Fundi 
VOD: 1.0. 
VOS: 0.3. 
Straight, but marked Pseudostrabismus OS due 
to a very wide positive kappa angle (Chapter 4, 
Figure 104). 
ODS: Normal. 
OD: Emmetropic. 
OS: S+ 2.0/Cyl.-2.0 axis 0°. 
OD: Normal structure. 
OS: Many pigment particles and thin preretinal 
membranes. 
OD: Contact lens examination was impossible in 
this very young girl. The fundus was examined 
by indirect ophthalmoscopy, but this gave no 
adequate view of the peripheral retinal vascula-
ture. The disc and macula appear to be normal. 
Normal configuration of the retinal vessels 
throughout the posterior fundus. A number of 
white spots are visible anterior to the equator 
near 9 o'clock; these may be small exudates. 
OS: The retinal vessels take a distinctly stretched 
course from the disc to the inferior temporal 
quadrant. Consequently there is pronounced 
macular ectopia in that direction. The parallel 
pattern of radial retinal vessels is also seen in the 
region temporal to the posterior pole. These ret-
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inai vessels disappear from sight anterior to the 
equator, where several pigment deposits are local­
ized in the retina near 3 o'clock. No exudates or 
neovascularizations are seen. 
Conclusion 
Bilateral anomalies in the temporal retinal periphery, suggestive of DEVR. 
Subject Ш-1 (16-07-44) 
History 
The proband's father has never had visual complaints and has never been oph-
thalmologically examined. Birth weight was 2250 g, but no neonatal oxygen 
administration. Good general health. 
Ophthalmological examination 
Visual acuity VOD: Cyl. - 0.5 axis 90° 1.25. 
VOS: 1.25, uncorrected. 
Eye position Straight. Central corneal reflexes. 
Intraocular pressure ODS:13mmHg. 
Anterior segments ODS: Normal. 
Vitreous ODS: Slight syneresis. No cells or particles. Pos­
terior vitreous detachment. 
Fundi OD: The temporal retinal vascular branches take 
a slightly stretched course from the disc in tem­
poral direction. The macula consequently shows 
slight ectopia in that direction. In the temporal 
quadrant central to the equator, there are abnor­
mally numerous retinal vessels with a near-parallel 
course. The smallest ramifications terminate im­
mediately anterior to the equator, so that the 
temporal retinal periphery is avascular. The well-
defined demarcation between vascular and avas­
cular retina deviates in central direction at 9 
o'clock, giving rise to a wedge-shaped notch in 
the avascular peripheral retina between the most 
peripheral ramifications of the superior and the 
inferior temporal vessels. A few glittering white 
ramifying preretinal structures are visible at this 
site. These are probably small, partly fibrosed 
neovascularizations arising from the most peri­
pheral ramifications of the retinal vessels. No ret­
inal defects, exudates or neovascularizations. 
OS: The posterior pole presents the same appear-
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Visual fields (Goldmann) 
ance as in OD. The temporal retinal periphery is 
avascular, and the central demarcation of the 
avascular part shows a notch near 3 o'clock. Again 
there is white preretinal fibrosis, not larger than 
one disc diameter. No other complications are 
visible. 
ODS: Absolute limitation of the nasal visual field 
to about 30°. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject IV-2 (27-12-78) 
History 
The parents have noticed nothing abnormal about the eyes of this 2-year-old 
girl. Birth weight was 3050 g. 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Ophthalmological examination 
Visual acuity Not yet properly determinable. 
Straight. 
ODS: Normal. 
ODS: No abnormal structures at ophthalmo-
scopy. 
ODS: Normal vasculature of the posterior pole. 
Tortuous, irregularly dilatated vascular loops are 
visible in the temporal equatorial region. They 
form a zone which more or less parallels the ora 
serrata. No retinal vessels are clearly visible an-
terior to this zone. So far as visible, there are no 
preretinal neovascularizations, membranes, retinal 
defects or exudates. 
Conclusion 
Slight but unmistakable DEVR. 
Policy 
No therapy indicated. In view of the patient's extreme youth, periodical follow-
ups on visual acuity and fundi are advisable. 
Subject 11-3(14-01-08) 
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History 
No visual complaints. Patient uses anticoagulants in view of cerebral circu-
latory disorders. No record of premature birth. 
Ophthalmological examination 
Visual acuity 
Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
VOD: S + 0.5 0.8. 
VOS:S+ 1.0 0.6. 
Straight. 
ODS: 10 mm Hg. 
ODS: Slight posterior cortical cataract of both 
lenses. 
ODS: Normal structure, no cells. Posterior vit-
reous detachment OS. 
OD: Slightly stretched retinal vessels in the pos-
terior pole. Slight temporal ectopia of the mac-
ula. Temporal to the posterior pole, the small 
veins in particular are somewhat tortuous. An-
terior to the equator the retinal vessels end in a 
clearly defined zone which is the central demarc-
ation of the avascular peripheral retina. This is 
visible between 7 and 11 o'clock. Between 9 and 
11 o'clock, retinoschisis in this region extends to 
slightly central to the equator. A few small retinal 
vessels are visible in the centre of this retinoschisis. 
The remainder is avascular, and this avascular 
part comprises a small circular defect. No visible 
retinal exudates or neovascularizations. 
OS: The posterior pole shows a vasculature which 
resembles that in OD, but without distinct mac-
ular ectopia. The retinal periphery is avascular 
between 1 and 5 o'clock. No complications. 
Conclusion 
Bilateral peripheral retinal vascular changes consistent with a diagnosis of 
DEVR. 
Subject HIS (04-05-46) 
History 
Acute iridocyclitis at age 31, with smooth recovery after treatment. General 
physical examination failed to disclose the cause of this inflammation. At 
present no visual complaints. Birth weight was 1500 g, but no record of neo-
natal oxygen administration. 
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Opthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD 1.0, uncorrected. 
VOS 1.25, uncorrected. 
Straight. 
ODS Normal. 
ODS Normal structure, no cells 
ODS Normal posterior pole. Temporal retinal 
sector avascular. Especially in OS, this sector is 
somewhat whitish but there are no defects, pig-
mentations or exudates. The avascular retina is 
demarcated on the central side by delicate ter-
minal ramifications of retinal vessels. The vascular 
pattern central to the equator is virtually normal, 
so that the changes are not very conspicuous. 
Conclusion 
Subtle vascular changes in the temporal retinal periphery ODS, consistent 
with a mild manifestation of DEVR. 
History 
No visual complaints apart from a possibly viral inflammation OD, which was 
cured by treatment and did not relapse. Birth weight 2500 g. No neonatal 
oxygen administration. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD 1.25, uncorrected. 
VOS 1.0, uncorrected. 
Straight. 
ODS. Normal. 
ODS Normal. 
ODS. Normal posterior pole, normal pattern of 
vasculature also in the more peripheral areas of 
the posterior fundus. Peripheral to the temporal 
equator, however, the retinal vessels terminate in 
multiple ramifications, consequently the retina 
anterior to the midline between equator and ora 
serrata, near the horizontal meridians, is avas-
cular. No other changes are visible in the avas-
cular temporal retinal sectors. 
Conclusion 
Slight vascular anomalies in the temporal retinal periphery ODS, consistent 
with DEVR. 
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Subject 111-5(07-10-51) 
History 
This woman has worn spectacles (subsequently contact lenses) for correction 
of myopia since age 7. No abnormalities other than the myopia believed to 
have been diagnosed. Birth weight some 3000 g. Good general health. 
Ophthalmological examination 
Visual acuity VOD: S - 4 . 0 0.6. 
VOS: S - 4 . 5 0.6. 
Eye position Straight. Corneal reflex OD decidedly nasal and 
slightly too high. Corneal reflex OS only nasal. 
The consequence is divergent Pseudostrabismus 
and deorsumvergence OD. 
Anterior segments ODS: Normal. 
Vitreous ODS: Moderate syneresis. Posterior vitreous de-
tachment OD. No cells. 
Fundi OD: The retinal vessels of the posterior pole take 
a distinctly stretched course in temporal direc-
tion. Marked temporal and slightly inferior ec-
topia of the macula. The area central to the tem-
poral equator shows an abundance of mostly rad-
ial retinal vessels which, slightly more anteriorly, 
end in a well-defined zone of irregular terminal 
ramifications. The retina peripheral to this zone 
is quite avascular. Near 9 o'clock, a relatively 
large arteriole and venule take a radial course as 
far as the demarcation of the avascular retina, 
where a partly fibrosed fan-shaped neovascular-
ization is localized on the retinal surface, im-
mediately peripheral to the demarcation of the 
avascular retina. No visible retinal defects or ex-
udates. 
OS: The vessels in the posterior pole show more 
pronounced distortion in temporal direction than 
in OD, giving rise to the features of dragged disc. 
In most of the temporal periphery the retinal ves-
sels terminate anterior to the equator, thus de-
marcating an avascular peripheral zone. At 3 
o'clock, a small fibrosed neovascularization is 
visible just outside the zone of the most peri-
pheral retinal vessels. Slightly central to this struc-
ture, the vascular retina contains small exudates. 
The nasal fundus periphery shows a normal ret-
inal vasculature. At the extreme periphery in the 
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superior nasal quadrant, several pigmentations 
are seen in a zone parallel to the ora serrata. No 
visible retinal defects. 
Conclusion 
Unmistakable symptoms of DEVR with small, partly fibrosed retinal neo-
vascularizations in both fundi. 
Subject III-18 
I found unmistakable anisometropia in this 37-year-old man. VODS was good, 
and the fundi showed no symptoms of DEVR. His two daughters (IV-9 and 
IV-10) showed amblyopia OS due to anisometropia. In these girls, too, no 
distinct anomalies were found in the fundus periphery. 
Subject III-23 (07-02-58) 
History 
No visual complaints. Birth weight 4000 g. 
Ophthalmological examination 
Visual acuity VOD: S - 5.75/Cyl. - 0.5 axis 7° 1.0. 
VOS: S - 4.75/Cyl. - 0.5 axis 0° 1.0. 
Eye position Straight. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal. 
Fundi ODS: Blond fundi. The choriocapillaris seems 
very thin so that the course of the large choroidal 
vessels is clearly visible. In the posterior pole the 
disc, macula and configuration of retinal vessels 
are normal. Between the posterior pole and the 
temporal equator ODS, a fair number of retinal 
vessels are seen, some of which are decidely tor-
tuous. These vessels terminate in short ramifi-
cations anterior to the equator. The peripheral 
retina is avascular in the temporal sectors, and in 
OS slightly whitish. No retinal defects, exudates 
or neovascularizations. 
Conclusion 
Slight bilateral peripheral retinal vascular changes consistent with a diagnosis 
of DEVR. 
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CHAPTER 4 
RESULTS AND DISCUSSION OF THE FAMILY STUDIES 
This chapter discusses the results of the nine family studies presented in the 
previous chapter, and compares them with data on DEVR in the literature. 
4.1 Numbers of affected and probably affected persons in the various 
families 
The nine families included a total of 75 persons in whom DEVR was diagnosed. 
In 12 additional persons, symptoms were found which were probably due to 
DEVR but could not be identified as such with certainty. In most cases this 
diagnostic uncertainty was caused by the extreme shghtness of symptoms or 
by imperfect visibility of the lesions due to a variety of causes. In some of the 
12 persons the diagnosis was not entirely certain because neonatal oxygen ad­
ministration was on record, so that the possibility of retrolental fibroplasia 
could not be totally excluded. 
This chapter designates as "affected family members" only those who are 
included m the abovementioned group of 75 persons (marked in full black in 
the pedigree) The text or ihe tables explicitly refer to persons in whom the 
diagnosis is probable but not entirely certain (Hatched markings in the 
pedigree) 
The numbers of persons with DEVR encountered in the various families 
are listed in Table 1. 
Table 1 Distribution of subjects with evident or probable DEVR in 
the nine families studied 
Family Number of subjects Number of subjects 
with evident DEVR with probable DEVR 
A 17 4 
В 4 
С 13 4 
D 15 1 
F 2 О 
I 3 О 
G 2 
H 11 3 
I 8 
Total 75 12 
182 
Table 2. Sex distribution of subjects with evident or probable DEVR. 
Number of subjects with evident DEVR 
Number of subjects with probable DEVR 
Total 
Total 
75 
12 
87 
Male 
39 
6 
45 
Female 
36 
6 
42 
42 Age and sex distribution of the affected and probably affected persons 
The sex distribution of the affected and probably affected persons in the 
various families is indicated in Table 2. As expected on the basis of the postu-
late of autosomal dominant transmission (see also Chapter 5), the sex distri-
bution approximates a 1:1 ratio. 
The age distribution of the affected and probably affected persons in the 
nine families is indicated in Table 3, on the basis of the person's age at the 
time of examination in the context of this study. Whenever an individual was 
examined several times over a longer period, the age at the first examination 
by me is indicated in the table. The table shows predominance of adolescents 
and young adults, whereas young children and aged individuals are underrep-
resented. 
4.3 Visual acuity 
A considerable number of the affected persons had shown unilateral or some-
times bilateral diminution of visual acuity in childhood. A large number, how-
ever, had never had any visual complaints. In the latter category my examin-
ation sometimes revealed unilateral or bilateral subnormality of visual acuity, 
but normal VODS was often found. That mild manifestations of DEVR often 
cause no or hardly any diminution of visual acuity has already been demon-
strated by Gow and Oliver ( 1971), by Laqua ( 1980) and by Ober et al. ( 1980). 
Table 3. Age distribution of subjects with evident or probable DEVR. 
Age in years Number of subjects Number of subjects 
with evident DEVR with probable DEVR 
0 - 9 3 
10-19 19 3 
20-29 19 7 
30-39 8 
4 0 - 4 9 9 
50-59 13 2 
60-69 2 
70-79 2 
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Table 4. Best-corrected visual acuity of 144 eyes with evident DEVR. 
Visual acuity 
1.0 or better 
0.6-0.8 
0.3-0.5 
0.1-0.2 
1/60 -5/60 
light perception --4/300 
no light perception 
Number of eyes 
57 
45 
10 
8 
12 
3 
9 
% 
40 
31 
7 
6 
8 
2 
6 
Table 4 shows the distribution of visual acuity values in 144 eyes of affec­
ted members of the various families. For patients whose visual acuity changed 
in the course of the study, the last known value is recorded. The table shows 
that relatively few eyes had severely reduced visual acuity: in only 32 of the 
144 eyes (22%) was visual acuity 0.2 or less. 
A striking finding was the frequent difference in visual acuity between the 
eyes of the same individual. Poor visual acuity in one eye and good visual 
acuity in the other is not uncommon. This difference in function distinguishes 
DEVR from most other hereditary retinal anomalies, in which a high corre­
lation of the visual acuity of the two eyes is usually found. This fact also im­
plies that many instances of DEVR are classified as unilateral conditions, and 
that consequently the possibility of a hereditary affection is overlooked. 
One of the consequences of the frequent presence of a marked difference 
in function between the two eyes is that the number of persons with a serious 
visual handicap as a result of DEVR is smaller than might be expected in view 
of Table 4. 
A relatively large number of individuals with poor visual acuity in one eye 
had fair or good eyesight in the other. 
In this study, visual acuity was as a rule determined for each eye separately, 
and rarely binocularly. 
In order to gain some impression of the degree of visual handicap, the vis­
ual acuity in the better eye of 72 persons with evident DEVR was listed. 
Table 5 shows the distribution on this basis. Only 8 of the 72 affected per­
sons (11%) had a serious visual handicap (visual acuity 0.2 or less). 
Table 5. Visual acuity of the better eye in 72 subjects with evident 
DEVR. 
Visual acuity 
1.0 or better 
0.6-0.8 
0.3-0.5 
0.1-0.2 
1/60-5/60 
light perception -
no light perceptioi 
4/300 
и 
Number of subjects 
34 
25 
5 
3 
2 
2 
1 
% 
47 
35 
7 
4 
3 
3 
1.4 
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4.4 Refraction 
The refraction of 126 eyes of 75 affected persons was determined subjectively 
or cycloplegically. Of course this was impossible in eyes with intensive media 
opacities. 
The spherical equivalent of the refraction anomaly of these 126 eyes 
(spherical value — ^ χ cylindrical value in diopters) was calculated. The dis­
tribution of the spherical equivalents (rounded up to whole diopters) of these 
126 eyes is presented in Table 6, which shows that myopia is more frequent 
than hypermetropia, and that the myopic anomaly as a rule exceeds the hy­
permetropic anomaly. 
Astigmatism of 1 diopter or more was found in 43 of the 126 eyes (34%). 
In 21 eyes (17%) astigmatism was 2 diopters or more. 
Anisometropia also proved to be quite common: refraction ODS was deter­
mined in 57 affected persons; 18 (32%) showed anisometropia of 1 diopter or 
more, either in spherical or cylindrical value. 
In summary it can be stated that our patients with DEVR relatively fre­
quently showed myopia, and especially myopic astigmatism, as well as aniso­
metropia. 
Although reports so far published on DEVR do not always specify the re­
fraction in all cases, myopic astigmatism would seem to be quite common in 
other studies as well. 
Only incidentally did I perform biometrie measurements, and it is there­
fore impossible to establish to which extent the refraction anomalies found 
correlated with changes in eye axis length. 
To my mind, the above described refraction anomalies in DEVR closely re­
semble those of retrolental fibroplasia (RLF), in which myopia, astigmatism 
and anisometropia occur frequently (Reese and Stepanik, 1954; Fletcher and 
Table 6. Spherical equivalents of 126 eyes with evident DEVR. 
Spherical equivalent (D) Number of eyes 
- 10 or mote 
- 9 
- 8 
- 7 
- 6 
- 5 
- 4 
- 3 
- 2 
- 1 
0 
+ 1 
+ 2 
+ 3 
+ 4 
5 
_ 
5 
3 
1 
7 
11 
9 
8 
55 
8 
4 
8 
2 
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Brandon, 1955; Hittner et al., 1979). The close similarity in clinical features 
between the two conditions is suggestive of a similar pathogenesis of the re­
fraction anomalies found in them. 
4.5 Amblyopia 
In 11 of the 75 affected persons, unilateral diminution of visual acuity was 
found which could not be ascribed to anomalies in the posterior pole of the 
fundus but apparently resulted from amblyopia (V-33, V-29 and V-41 in the 
A family; III-5 and IV-12 in the С family; VI-21 in the D family; IV-6, III-3, 
III4 and IV-1 in the H family; IV-1 in the I family). The majority of the 
patients mentioned showed anisometropia. 
These findings seem to warrant the conclusion that amblyopia is a not un­
common complication of DEVR, and that anisometropia plays an important 
role in its pathogenesis. 
So far as I know there are no previous reports on amblyopia as a compli­
cation of DEVR. This complication has important diagnostic as well as thera­
peutic implications: when examining children with amblyopia, DEVR should 
be considered as a possible cause of the anomaly, especially when there is an­
isometropia as well. Since symptoms in the posterior pole of the fundus are 
often absent in DEVR, the diagnosis can be easily overlooked. 
Therapeutically, early diagnosis and treatment of amblyopia in young chil­
dren with DEVR is important (see also Chapter 6). 
4.6 Nystagmus 
Unmistakable pendular nystagmus was observed in 4 persons (VI-3 in the D 
family. III-4 and IV-1 in the F family; II-2 in the G family). Visual acuity was 
severely diminished in all. 
Unilateral latent nystagmus was found in one person (V-12 in the D fam­
ily), in the eye with poor visual acuity. The presence of pendular nystagmus 
suggests that the lesions of the posterior pole have developed in the first years 
of life. 
In the literature I found 7 patients with DEVR who showed nystagmus 
(Gow and Oliver, 1971; Slusher and Hutton, 1979; Laqua, 1980; Dudgeon, 
1980). All showed poor visual acuity. 
4.7 Eye position 
The position of the visual axes (eye position) was examined in 70 of the 75 
DEVR patients. Strabismus was found in 15: convergent in 9 and divergent in 
6. Some had undergone a strabismus operation in the past, and the primary 
eye position could no longer be traced. 
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Pseudostrabismus due to an abnormal kappa angle was frequently found. 
This phenomenon results from an abnormal position of the macula. At ex-
amination the kappa angle was not measured but the position of the corneal 
fixation on a lamp was recorded for each eye separately. This corneal reflex 
often showed an abnormal position: nasal or superior nasal displacement in 
nearly all cases. This corresponded with the temporal or inferior temporal ec-
topia of the macula in DEVR. 
The position of the corneal reflex was not recorded for all persons with 
evident DEVR. With eyes which have no or poor fixation, moreover, it is im-
possible to gain an impression of the kappa angle. Of the 95 eyes of DEVR 
patients, 24 (25%) showed an abnormal position of the corneal reflex which 
suggested an increased positive kappa angle. The degree of enlargement of the 
kappa angle differed widely. Not infrequently the size of this angle in the two 
eyes differed significantly. (Figure 104). 
Displacement of the corneal reflex is a readily observable symptom of im-
portance in the diagnosis of DEVR. In the examination of family members its 
presence is often the first indication of pathology. 
4.8 Intraocular pressure 
Intraocular pressure was determined by applanation in 26 DEVR patients. It 
exceeded 20mm Hg in 2 of the 52 eyes : IV-16 in the A family (OD 21 mm 
Figure 104. Pseudodivergent position OS due to enlarged positive kappa angle (IV-1 1). 
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Hg) and III-4 in the F family (OS 22 mm Hg). In both cases this value was 
measured in an eye without light perception, showing marked changes in the 
anterior segment and vitreous. 
Two patients had a history of secondary glaucoma in an eye with poor 
function (III4 in the F and II-2 in the G family). The literature incidentally 
mentions secondary glaucoma as a complication of DEVR (Laqua, 1980). In 
none of the members of the various families I examined did I find indications 
of primary glaucoma. 
4.9 Anterior segment 
Anomalies of the anterior segment were uncommon; they were found only in 
eyes with severe changes in fundus and vitreous and poor visual acuity. 
Various stages of band keratopathy were observed in a few eyes without 
light perception (IV-18 in the D, III-2 in the В and III-4 in the F family) or 
with very poor visual acuity (III-4 in the F family). A diminished corneal dia­
meter was found only in eyes with extensive vitreous organizations (IV-18 D 
and II-2 G). 
One affected family member showed a very slight haze in the cornea ODS. 
At slit-lamp examination this patient's endothelium showed no further anom­
alies, and VODS was good. 
No corneal anomalies were found in the remaining DEVR patients. 
A shallow anterior chamber was found only in a few eyes with very marked 
changes (III-4 D and II-2 G). 
In no case were gonioscopic anomalies of the iridocorneal angle observed 
which might suggest a developmental disorder in this area. In some eyes with 
marked changes, many secondary anomalies had developed in the iridocorneal 
angle due to synechiae. Gonioscopy of such eyes was often impossible due to 
band keratopathy. 
Irritation of the anterior segment, manifested by the presence of cells and 
a flare in the aqueous humour, was likewise found only in eyes with partial or 
total retinal detachment (V-25 A, V-16 A, III-5 В and II-2 G). In most cases 
this irritation seemed not very intensive but often it was nevertheless not 
possible to suppress it entirely by local application of mydriatics and cortico­
steroids. 
Synechiae, often associated with some atrophy of the iris, were observed 
only in advanced stages of the disease. They were usually posterior synechiae 
(V-25 A, V-16 A, IV-16 D, Ш-2 В and II-2 G), although anterior synechiae 
were occasionally found (III-4 F). 
I myself never found rubeosis iridis, but there are two reports on this com­
plication in DEVR, in both cases after operative treatment of retinal detach­
ment (Criswick and Schepens, 1969; Laqua, 1980). The presence of rubeosis 
iridis is not unexpected because DEVR is a potentially proliferative retino­
pathy; 
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Cataract as a complication of DEVR also seems to be confined to severe 
cases. A few patients showed a local opacity of the posterior lens capsule at 
the site of attachment of a vitreous strand (VI-3 D, VI-1 F and HM F). The 
opacity was always localized in the temporal sector of the posterior lens cap­
sule, and showed little tendency to progression. 
In eyes in which extensive vitreous organizations had developed, as a rule 
with total retinal detachment, the lens had become totally cataractous (V-25 
A, V-16 A, IV-16 A, IV-18 D, III-2 B. II-2 G and Ш-4 F). In several of these 
eyes the lens had shrunken due to dehydration, and sometimes disintegrated. 
Glittering calcifications were often visible in the opaque lens mass. 
Some persons showed cataractous changes in the lenses which, unlike 
those in the abovementioned cases, seemed to be unrelated to DEVR. Most of 
these persons were middle-aged or older and showed bilateral mild-to-moderate 
cortical opacities or nuclear sclerosis of the lenses (IV-10 A, IV-13 A, II-3 I, 
IV-15D,IV-2D). 
No eye examined showed evidence of congenital cataract or congenital 
malformation of the lens. 
To summarize: the findings obtained in 146 eyes of 75 DEVR patients and 
24 eyes of 12 probably affected persons warrant the conclusion that DEVR is 
not accompanied by primary developmental disorders of the anterior segment 
of the eye, and that changes in this part of the eye as a rule develop only as a 
complication of marked changes in the fundus and vitreous space. This con­
clusion is supported by similar observations in DEVR studies so far published. 
4.10 Vitreous 
The available literature gives varying interpretations of the incidence and sig­
nificance of vitreous changes in DEVR. In their original publication, Criswick 
and Schepens (1969) mentioned extensive changes in the vitreous and in fact 
speculated on the possible importance of vitreoretinal adhesions in the patho­
genesis of ischaemia of the peripheral retina. Gow and Oliver (1971) attached 
less importance to vitreous involvement in the family members they studied 
than did Criswick and Schepens (1969). Ober et al. (1980) considered vit­
reous changes not to be essential for a diagnosis of DEVR, and Laqua (1980) 
maintained that DEVR is not so much a vitreoretinopathy as rather an affec­
tion of the small peripheral retinal vessels. 
For more exact determination of the incidence and pathogenesis of vitreous 
changes in DEVR, I performed extensive vitreous examinations and classified 
the changes found (Table 7). 
The vitreous was studied in 148 eyes of 74 evident DEVR patients. In a 
number of these eyes visual inspection of the vitreous space was impossible 
due to cataract or retrolental membranes. Although it was beyond doubt that 
extensive vitreous organizations were present in such cases, often associated 
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Table 7 Vitreous findings in 148 eyes with evident DEVR 
Vitreous findings 
Syneresis and liquefaction 
Delicate white particles 
Pigment cells 
Vitreous haemorrhage 
Preretmal membranes and ι apacities 
Membranes in vanous parts of the vitreous 
Local glious mass 
Extensive retrolental organizations with 
total retinal detachment 
Normal vitreous 
Number of 
eyes 
31 
22 
8 
3 
23 
25 
5 
7 
77 
% 
21 
15 
5 
2 
16 
13 
3 
5 
52 
with total retinal detachment, other intravitreous changes could of course not 
be established. In 147 of the 148 eyes examined, the assessment of the vit­
reous was based on clinical observations, in one eye (IV-1 F) it was based on 
histological findings. 
Syneresis and liquefaction 
The vitreous fibrils in a number of eyes had condensed to form ropey struc­
tures separated by optically empty lacunae. In most instances these changes 
were associated with abnormal mobility of the vitreous as a result of reduced 
viscosity Such features were seen m 31 of the 148 eyes (21%) in varying de­
grees. Some syneresis and liquefaction of the vitreous is frequently observed in 
older individuals (Goldmann, 1964). It is therefore plausible that the changes 
found in several older persons in this study are not related to DEVR. How­
ever, a few younger family members showed distinct vitreous syneresis which 
was probably related to DEVR. 
Delicate white particles 
In 22 eyes (15%) the vitreous contained very delicate white particles which 
were not very conspicuous at slit-lamp examination. Their origin remains ob­
scure. 
Pigment cells 
Pigment cells of a brown colour and much larger than the abovementioned 
particles were found in 8 eyes (5%) with evident DEVR. Most of these eyes 
showed rhegmatogenic retinal detachment (III-5 В and IV-6 H) or had been 
previously treated for retinal detachment or peripheral retinal defects (III-3 
H) One eye in which the vitreous contained pigment cells showed a retino-
schisis m which defects were localized (II-2 E), two eyes showed no retinal de­
fects (IV-2 H and IV-1 H). 
Vitreous haemorrhages 
Vitreous haemorrhages were rarely observed in this study. Some pre-retinal 
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blood was found in the immediate vicinity of the vascular proliferations in 
III-5 B. In V-16 A, retrolental haemorrhages OD had been previously observed 
during the period of loss of light perception in this eye. Histological examin-
ation disclosed a vitreous haemorrhage in OD in IV-1 F. Our findings show 
that vitreous haemorrhages are rare in DEVR, and confined to very severe 
cases. 
Prerefinal opacities and membranes 
Delicate membranes or opacities were found in the preretinal vitreous space 
in 23 eyes (16%), as a rule in the temporal fundus periphery. The changes 
ranged from delicate astructural opacities to well-defined membranes. The 
latter often attached to the central side of the retina. It seems likely that such 
membranes are often identical to the posterior vitreous membrane which in 
the periphery has detached itself from the retina, as already postulated by 
Criswick and Schepens in 1969. In some eyes, such preretinal membranes 
showed spotty opacities, probably representing a film of proteins originating 
from leaking vessels in the equatorial retina. 
Membranes in various parts of the vitreous space 
In 6 eyes (4%), membranes were found in various parts of the vitreous space 
in the absence of fibrovascular organizations throughout this space. These 
eyes as a rule showed extensive fundus changes, usually with partial or total 
Figure 105. Mass of white proliferative tissue connected with the peripheral part of a 
falciform retinal fold in the inferior temporal fundus quadrant OS (V-24 A). 
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retinal detachment. The small number of eyes with vitreous changes of this 
type is probably explained by the relatively rapid progression to total vitreous 
organizations. 
Local massive organizations 
Local masses of proliferative tissue were found in 5 eyes, without exception 
in the extreme temporal periphery of the fundus and firmly attached to the 
pars plana and often also to the posterior lens capsule. In most cases, the peri-
pheral end of a raised falciform retinal fold ended in such a white mass (Fig-
ure 105). The appearance and localization of these tissue masses, which prove 
to be highly vascularized at fluorescein angiography, suggest that they orig-
inate from local retinal neovascularizations. A striking feature is the stationary 
character of these local vitreous organizations. Neither their history nor their 
appearance indicated progression. 
Marked retrolental vitreous organizations with total retinal detachment. 
In 7 eyes, none of which had light perception, extensive vitreous organizations 
and cataract made it impossible to inspect the vitreous space. Although the 
position of the retina could not be clinically established in these eyes, it must 
be assumed that in all cases the neuroretina had become totally detached 
from the pigmented layer. One eye (OD of IV-1 F) was examined histolog-
ically (see page 215). In three eyes (ODS of II-2 G, OS of V-25 A), ultrasono-
graphy disclosed the presence of tissue organizations throughout the vitreous 
space. Nearly all publications on DEVR mention eyes with similar catastrophic 
manifestations of the condition. 
Normal vitreous 
Although widely diverse vitreous changes were frequently found in DEVR, 
the vitreous proved to be entirely normal in more than 50% of all cases. I was 
unable to find any vitreous changes in 77 (52%) of the eyes of evident DEVR 
patients. The absence of vitreous changes in so many patients suggests that 
the development of the secondary vitreous is undisturbed, unlike that in, for 
example, Wagner's syndrome. 
It seems to me that the vitreous changes in DEVR are secondary to the ret-
inal vascular disorders. 
Undoubtedly, the massive vitreous organizations observed in severe cases 
are a direct result of vascular proliferations from the retina. The pathogenesis 
of the more subtle changes in the vitreous space is less obvious. It seems to 
me that chronic leakage from retinal vessels can be held responsible, at least 
in part, for these changes. 
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4.11 Fundus 
4.11.a Biomtcroscopic changes 
The following is an orderly account of the fundus changes observed at con 
tact lens examination A survey of these changes, indicating their incidence in 
the eyes of evident DbVR patients, is presented in Table 8 
Table 8 Biomicroscopically visible fundus changes in 141 e}es with evident DEVR 
Changes Number of eyes % 
Abrupt termination of retinal vessels in the temporal 118 84 
equatorial zone 
Increased number of small vascular branches between 
posterior pole and temporal equator 89 63 
Tortuous peripheral venous branches 56 40 
Neovascularizations 10 7 
Deformation of retinal vessels in posterior fundus 84 60 
Macular ectopia 67 48 
Dragged disc 7 5 
Intraretinal or subretinal exudates 16 11 
Retinal pigmentations 32 23 
Retinal haemorrhages 2 1 
Retinal defects 15 11 
White changes of the peripheral retina 30 21 
Atrophic areas of choroid and pigmented layer 
of the retina 20 14 
Retinoschisis 7 5 
Retinal detachment*(not falciform) 6 4 
Falciform fold 7 5 
*Only cases of treated or untreated retinal detachment in which examination of the 
fundus was feasible 
Abrupt termination of retinal vessels m the temporal equatorial zone 
The area in which these changes were usually most clearly visible was the 
equatorial zone of the temporal half of the fundus, in the sector between 
7 and 10 o'clock in OD and between 2 and 5 o'clock in OS. 
The phenomenon, which is highly characteristic of DEVR, can usually be 
established by biomicroscopy. Since the capillary bed of the retina is not vis-
ible in biomicroscopy, the phenomenon can only be observed in the small ar-
terial and venous branches of the retina in the equatorial zone Abrupt ter-
mination of such vessels in the equatorial zone is a characteristic feature of 
DEVR. Also characteristic is that several adjacent vessels terminate in the 
same zone (Figure 106). 
Abrupt termination of the retinal vasculature was biomicroscopically ob-
served m 84% of the eyes with evident DEVR. In the remaining 16%, media 
opacities precluded examination of the retinal periphery 
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Figure 106. Abrupt termination of retinal vessels in the temporal equatorial zone OS. 
Small fibrotic neovascularization near the demarcation between vascular and avascular 
retina (V-l 1 D). 
Increased number of arterioles and venules 
A frequent symptom of DEVR is an abnormally large number of vascular 
ramifications in the area between the posterior pole and the temporal equator 
(Figure 107). These vessels often take a decidely parallel course, the angle be-
tween the various ramifications being narrow. 
Tortuous venules 
Not infrequently, the small venous vessels in the same area posterior to the 
temporal equator are abnormally tortuous. This tortuosity contrasts with the 
conspicuous straightness of the arterioles in the same retinal area (see Chapter 
3, Figure 62). 
Neovascularizations 
The presence of neovascularizations in the retina or in the preretinal vitreous 
space is not unusually frequent in DEVR. Such neovascularizations as are 
found, are nearly always localized at the demarcation between the vascular 
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Figure 107. Increased number of vascular branches in the retina temporal to the posterior 
pole OD. The course of these vessels is strikingly parallel (IV-12 C). 
and avascular retina. The fact that extensive neovascularizations are relatively 
rare is probably explained by the rapid progression of these vessels to total 
•vitreous organizations. Small neovascularizations hardly raised above the ret-
inal surface, however, were often sclerosed and seemed to show no marked 
tendency to grow (Figure 106). 
Neovascularizations were biomicroscopically found in 10 eyes (7%). Most 
studies on DEVR describe peripheral neovascularization. This was a conspicua 
ous phenomenon in the family described by Gitter et al. (1978). It seems to 
me to be beyond doubt that the autosomal dominant condition described by 
these authors is identical to DEVR. 
Deformation of retinal vessels in the posterior fundus 
Deformation of the retinal vasculature in the posterior pole of the eye is a fre-
quent symptom, which is of great diagnostic importance. The phenomenon 
can be observed in varying degrees, which range from hardly distinguishable 
changes to markedly aberrant vascular configurations. The most distinct de-
formation is shown by the superior and inferior temporal vessels, whose 
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curvature round the centre of the posterior pole is diminished. These vessels 
take an abnormally stretched course in temporal direction, thus reducing the 
distance to the macula (Figure 108). 
In the more severe cases the central segments of these vessels show distor-
tion in the direction of the horizontal meridian while they are still on the disc. 
Deformation of retinal vessels in and about the posterior pole was observed in 
60% of the eyes examined. 
Macular ectopia 
The above described changes were often associated with macular ectopia in 
temporal direction. In most cases the macula showed not only temporal but 
also slight inferior ectopia. The degree of ectopia varied widely and was evi-
dently related to the deformation of the vasculature (Figure 108). The degree 
of macular ectopia can also differ considerably between the two eyes in one 
individual. In our study, macular ectopia was found in 48% of the eyes with 
evident DEVR. The anomaly is responsible for the development of an abnor-
mally wide positive kappa angle. 
Dragged disc 
In a few eyes the retinal vessels on the disc were so grossly deformed as to 
produce the features of so-called dragged disc. In these cases virtually all major 
Figure 108. Deformation of retinal vessels in the posterior pole (III-2 B). 
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ramifications of the central retinal artery and vein traversed the temporal part 
of the lamina cribrosa (see Chapter 3, Figure 76a). 
Intraretinal and subretinal exudates 
Intraretinal or subretinal exudates were found in only 16 eyes. In most cases, 
small intraretinal exudates were localized mainly in the equatorial zone of the 
temporal half of the fundus (Figure 109), usually in the immediate vicinity of 
the extreme peripheral zone of retinal vessels. 
Large subretinal exudates evidently raising the neuroretina were found in 
only a few eyes. Exudates of this type can extend well into the posterior pole 
of the eye (see also Chapter 3, Figure 16). 
The presence of exudates in eyes with cataract and total vitreous organiz-
ations is likely but of course cannot be established clinically. 
Since Criswick and Schepens (1969) reported intraretinal and subretinal 
exudates in the majority of their patients, these exudates have been regarded 
as a frequently present symptom of DEVR. 
The fact that only a minority of DEVR patients show exudates makes the 
designation "dominant exudative vitreoretinopathy" somewhat misleading. 
This should be borne in mind diagnosing the disease. 
Retinal pigmentations 
Retinal pigmentations were frequently found in this study. In most cases they 
were very small pigment deposits evenly distributed over what seemed to be 
Figure 109. Intraretinal exudates in the temporal fundus periphery OD (1V-9 A). 
197 
the superficial part of the neuroretina. They were nearly always confined to 
the avascular retinal periphery. Such pigmentations are not very obtrusive, 
and biomicroscopy is indispensable as a means to diagnose these subtle 
changes, which can be found in the mildest manifestations of DEVR. 
The gross pigment deposits which can be found in the periphery as well as 
in the posterior pole of the retina are more conspicuous. These pigmentations 
are not confined to the avascular retina. Another difference is that they are 
usually found in more severe cases of DEVR. In several instances of falciform 
retinal fold I found such gross pigmentations in the attached retinal parts ad-
jacent to the fold (Figure 110). 
Retinal haemorrhages 
Intraretinal haemorrhages were rare. In one case, intraretinal and preretinal 
haemorrhages were observed in the immediate vicinity of neovascularization 
(III-5 B). In another eye with a minor retinal haemorrhage, no neovasculariz-
ations were found. 
Figure 110. Pigment deposits in the retina superior to a falciform fold (1V-6 D). 
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Retinal defects 
In 15 eyes of patients with evident DEVR I found retinal defects or evidence 
of previously treated retinal defects, sometimes associated with retinal detach-
ment. 
The defects in most fundi were small circular defects, nearly always local-
ized in the non-perfused part of the retina. Both solitary and multiple defects 
were seen, and many were surrounded by some retinal white. In no case was 
there any association with lattice degeneration, and this is consistent with the 
fact that the defects were as a rule localized in the avascular retina. 
The appearance and localization of the defects indicates an atrophic patho-
genesis due to the changes in retinal perfusion. The presence of small retinal 
defects in DEVR has not been previously described. 
Unlike the horseshoe ruptures known as a complication of DEVR(Cnswick 
and Schepens, 1969, Laqua, 1980), the atrophic retinal holes are found in 
eyes with only slight changes and without traction from the vitreous. 
Retinal tears were rare in our study. In one female patient I found a very 
large retinal rupture with a length of almost one quadrant, which had led to 
total retinal detachment (III-5 B). This patient's mother (II-2 B) showed a fair-
sized horseshoe tear central to the equator in the vascular retina, this, how-
ever, had not caused retinal detachment. 
Various white changes in the peripheral retina 
In a number of eyes the retinal periphery showed a fairly evenly distributed 
whitish appearance, or sometimes minute white specks. These changes were 
mainly seen in the avascular retina. The phenomenon of white without press-
ure or white with pressure was also observed in several eyes A few eyes 
showed oblong whitish zones which resembled snailtracks. In a few eyes, 
finally, pale discoloration of the retina was observed in the temporal equa-
torial zone at the level of the terminal ramifications of the retinal vessels 
A trophic areas of choroid and pigmented layer 
Atrophic changes of the choroid and pigmented layer of the retina were seen 
in the peripheral as well as in the posterior fundus. Their appearance ranged 
from small, sharply defined lesions, with or without surrounding pigment-
ations, to larger areas of less distinct demarcation (Figure 110).These atrophic 
changes were found especially in severe cases of DEVR. Their pathogenesis 
was often uncertain. Their localization along the base of a falciform fold 
suggests a reactive development in response to structural changes of the neuro-
retina. But their presence in areas with an intact neuroretina is entirely inex-
plicable. 
Abnormal chonoretmal hypopigmentation and hyperpigmentation were a 
conspicuous finding in the family recently described by Kaufman et al. (1982). 
However, the ocular symptoms of this disorder, which was termed autosomal 
dominant vitreoretinochoroidopathy (AD-VRC) seem to be different from 
those of DEVR 
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Retinoschisis 
This was found in 7 eyes, and in all cases was confined to the peripheral 
retina. The lesions were usually localized in the temporal half of the fundus. 
The peripheral part of the retinoschisis was often localized in the avascular 
retina. The more central part of the retinoschisis sometimes did show vessels. 
In a few eyes, small defects were visible in the inner layer of the cleft retina. 
Retinal detachment 
Retinal detachment is the most serious complication of DEVR. Its clinical 
features may vary widely. It can be tractional, rhegmatogenous or exudative in 
origin. Our study has clearly shown that these three mechanisms may be in­
volved in combination in the individual case. 
Rhegmatogenous retinal detachment was seen in three patients with evident 
DEVR (111-5 B, IV-6 H and III-3 H); in one patient (IV-33 C) the diagnosis of 
DEVR was likely but not certain. Another member of the H family whom I 
had not examined, proved to have had rhegmatogenous retinal detachment 
with multiple defects (ΠΙ-6 H), and the nature of the retinal detachment in 
II-l H was unknown. More or less small circular defects were found in two of 
our patients with rhegmatogenous retinal detachment (IV-6 H and IV-33 C). 
The rhegmatogenous retinal detachment in III-5 В presented entirely differ­
ent features. In this girl, pronounced traction of vitreous membranes had pro­
duced a very large rupture. Retinal detachment with a rupture of this size is 
rare in DEVR, but has been previously described (Laqua, 1980). 
In the case of rhegmatogenous retinal detachment with small retinal defects 
without conspicuous vitreous changes, however, the diagnosis of DEVR is 
much more difficult. It is quite likely that the cause of this type of retinal de­
tachment is not recognized unless the vasculature of the peripheral retina is 
examined in detail in patient and family. 
In our patients, rhegmatogenous retinal detachment as a rule occurred during 
puberty or adolescence. The history of III-3 H indicates that this complication 
can incidentally also occur in middle age. Laqua (1980) also mentioned a case 
of rhegmatogenous retinal detachment in a 44-year-old patient with DEVR. 
Retinal detachment accompanied by formation of subretinal exudates with­
out retinal defect was observed in 3 patients, all of whom also showed vit­
reous anomalies; in all, it was likely that traction on the retina had contributed 
to its detachment (V-16 A, III-5 В and VI-3 D). 
Formation of extensive subretinal exudates without distinct vitreous 
changes, as for example in Coats' disease, seems to be exceedingly rare in 
DEVR. Only in VI-3 D were the vitreous changes limited, and should sub-
retinal exudation be regarded as the main cause of the retinal detachment. 
Tractional retinal detachment can manifest itself in several ways in DEVR. 
In some eyes the traction is confined to a local sector in the peripheral retina. 
It may lead to a local, flat detachment of the peripheral retina, which shows 
little tendency to expand. In some cases differentation from peripheral retino­
schisis is difficult. 
Entirely different features are encountered in falciform retinal detachment, 
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in which a raised retinal fold extends radially from the disc to the extreme 
periphery of the fundus. The peripheral end of the fold is usually linked by a 
local pale tissue mass to the pars plana or the posterior lens capsule, near the 
latter's equator This anomaly was found in 7 eyes of 6 patients with evident 
DEVR in our study (V-24 A, VI-3 D, IV-16 D, IV-1 F, III4F and II-2 G) 
In these cases the falciform fold always extended from the disc in temporal 
or inferior temporal direction One consequence of this localization is that 
the macula is severely deformed and frequently cannot even be identified in 
the fold As a result, visual acuity in eyes with a raised retinal fold is usually 
not much better than about 1/60 Several eyes with a falciform fold as a result 
of DEVR showed gross chorioretinal cicatrices or areas of chorioretinal 
atrophy, as a rule quite near the fold. 
For a discussion of the pathogenesis of the changes and of the relation be-
tween the condition known in the literature as "ablatio falciformis congenita" 
or " congenital retinal fold" and DEVR, I refer to Chapter 7. 
In 7 eyes without light perception, cataract and retrolental organizations 
made it impossible to examine the fundus. On the basis of the clinical fea-
tures it may be assumed that total retinal detachment had occurred, probably 
mostly as a result of traction from vitreous organizations originating from 
retinal neovascularizations The role of other factors in the pathogenesis of 
retinal detachment — e.g. retinal defects and subretmal exudates — was 
usually no longer traceable The history of our patients indicates that the 
blindness had usually developed during the primary school years. In an 
occasional patient, total retinal detachment proved to have occurred within a 
few weeks of birth (IV-1 F) 
In 3 patients, total retinal detachment and leucocona occurred during the 
period of observation at our department In V-25 A, a previously functional 
eye showed rapid progression of traction by about age 18, with consequent 
gradual detachment of the entire retina. In V-16A, VOD was already poor in 
primary school, and traction and subretmal exudation led to total blindness 
by about age 20, whereupon total leucocona developed. The left eye of II-2 
G, finally, lost light perception by about age 15 due to various complications. 
In this case, too, total retinal detachment probably developed, although this 
cannot be established with certainty. 
Of the total of 174 eyes of all persons with evident or probable DEVR, 23 
eyes showed non-traumatic retinal detachment (including falciform fold). 
This amounts to a percentage of 13. 
4.1 l.b Fluorescein-angiographic changes 
Of 41 eyes of 22 patients with evident DEVR, fluorescein angiograms of the 
posterior pole and fundus periphery were obtained which were of sufficient 
quality for assessment. A few angiographic changes, and their incidence in 
these 41 eyes, are listed in Tables 9 and 10. 
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Table 9. Fluorescein-angiographic changes of the peripheral fundus in 41 eyes with 
evident DEVR. 
Changes Number of eyes % 
Abrupt termination of retinal vasculature in the 
temporal equatorial zone and non-perfusion of the 
peripheral retina 32 78 
V-shaped configuration of the demarcation 
between vascular and avascular retina 19 46 
Fluorescein leakage from peripheral retinal 
vessels 36 88 
Neovascularizations 8 20 
Fluorescein angiograms were also obtained of 12 eyes of 7 persons with a ten-
tative diagnosis of DEVR. 
Peripheral fundus 
The fluorescein angiograms disclosed the following changes in the peripheral 
fundus. 
Abrupt termination of the retinal vasculature in the equatorial fundus and 
non-perfusion of the peripheral retina. 
This was found in 32 of the 41 eyes with evident DEVR (78%). The retina 
peripheral to this termination was avascular. If present, this phenomenon was 
always found in the temporal periphery of the fundus, although in some cases 
retinal avascularity could also be demonstrated in parts of the nasal periphery. 
The demarcation between vascular and avascular retina was usually localized 
immediately anterior to the equator in the temporal sector of the fundus. 
Near or immediately below the horizontal meridian, this demarcation often 
deviated in central direction so that the avascular retinal periphery at this site 
showed a wedge-shaped expansion extending central to the equator (Figure 
111). This configuration was observed on 19 of the 41 fluorescein angiograms. 
The shape of the demarcation of the retinal vasculature closely resembles 
the configuration of the demarcation of the immature vasculature of the nor-
mal foetal retina during the last months of intrauterine development. The 
wedge-shaped zone of avascular retina between the peripheral ramifications of 
the superior and inferior temporal retinal vessels was demonstrated histologi-
cally in normal foetal eyes in Foos and Kopelow (1973) (see also Chapter 1). 
This similarity warrants the conclusion that the primary vascular anomalies in 
DEVR are a result of premature arrest of the foetal development of the retinal 
vascular system. In other words: the development of the retinal vasculature in 
persons with DEVR can be compared with that in a normal foetus of about 
7—8 months. 
A zone of aberrant leaking vessels. 
The extreme ramifications of retinal vessels which form the demarcation of 
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the avascular periphery, present a peculiar appearance: these ramifications 
end in irregular buds or very delicate loops, which are sometimes slightly di-
ctated and from which fluorescein leakage is seen in most cases. Most of 
these terminal ramifications have no distinct connections with other vessels 
(Figure 111). 
Abnormal structure of the vascular bed central to the extreme zone of de-
marcation. 
The vasculature of the retina in the area immediately central to the above 
described terminal ramifications likewise usually shows unmistakable changes 
Figure 111. Fluorescein angiogram of the equatorial fundus OS near 3 o'clock. Wedge-
shaped configuration of the avascular retina: the apex points to the posterior pole 
(V-41 A). 
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on the fluorescein angiogram. As previously mentioned, relatively numerous 
arterioles and venules are localized in this area. Fluorescein angiograms of 
good definition reveal that the capillary network between these vessels is ir-
regular and poorly developed. Along many arterial as well as venous vessels, 
small saccular outpouchings are visible from which fluorescein leaks in the 
late phase (Figure 112). It looks as if these outpouchings are rudimentary de-
velopments of capillaries, but they may also be remnants of capillaries largely 
involuted due to retraction. 
In some eyes, fluorescein leakage occurred in band-like zones localized 
central to the demarcation between vascular and avascular retina, and arranged 
more or less parallel to this demarcation (Figure 113). The retinal vessels in 
zones of this description sometimes showed some deformation. I have found 
no evidence that in such areas a vitreous membrane attached to the retina. 
Fluorescein leakage from peripheral parts of the retinal vasculature was 
observed in a total of 36 of the 41 eyes with evident DEVR. 
Figure 112. Small saccular outpouchings along the vascular branches in the peripheral 
retina (magnification of Figure 71, Chapter 3). 
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Arteriovenous shunts 
Angiography disclosed distinct arteriovenous shunts on only a few eyes. In no 
case did these shunts have a large luminal width. Incidentally a shunt of this 
type formed a peripheral connection between the superior and the inferior 
temporal vessels (Chapter 3, Figure 35). 
Neovascularizations 
These were angiographically demonstrable in 11 of the 41 eyes with evident 
DEVR. In all cases they had formed at the site of the most peripheral ramifi-
cations of the retinal vessels in the zone of demarcation, and had grown into 
the otherwise avascular part of the retina (Figure 112). Significant fluorescein 
leakage from these vessels was seen in the late phase. 
A large neovascularization was angiographically demonstrated in V-52 A. 
In this female patient the diagnosis of DEVR was not entirely certain because 
she had a record of neonatal oxygen administration. The clinical features in this 
patient with large vascular profilerations at age 15, however, are exceedingly 
Figure 113. OS. Late phase of fluorescein angiogram shows leakage in the most peripheral 
zone of retinal vessels and in a band-like zone central to this (V-16 A). 
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rare m retrolental fibroplasia, and consequently it is highly likely that the 
anomalies were at least in part a result of DEVR. 
The changes in the fluorescein angiogram of the peripheral fundus were as 
a rule confined to the retinal vasculature. In a few eyes I found strictly local-
ized areas of atrophy of the pigmented layer of the retina in the avascular 
zone. Most eyes, however, showed no angiographic anomalies of the choroidal 
circulation. These findings corroborate the postulate that DEVR is primarily 
an affection of the retinal vasculature. 
The above described fluorescein-angiographic changes in the peripheral ret-
ina show marked similarities to changes found in the less severe stages of cica-
tricial retrolental fibroplasia (RLF) These similarities were already pointed 
out by Canny and Oliver (1976) in their first angiographic study of DEVR I 
mtend to revert to these similarities m the discussion of the differential diag-
nosis from RLF (Chapter 8). 
After Canny and Oliver (1976), Nijhuis et al. (1979) and other investi-
gators have confirmed the disturbed perfusion of the peripheral retina in 
DEVR. The angiographic findings in the family described by Gitter et al 
(1978), which frequently included peripheral neovascularization, also seem to 
be identical with the findings in DEVR 
The fluorescein-angiographic anomahes in the peripheral retina in DEVR 
cannot be explained by occlusions of vessels in a primordially normal vascular 
system. The presence of undeveloped, immature vessels m the zone of demar-
cation and the configuration of the demarcation of the vasculature suggest a 
developmental disorder of the retinal vasculature in the late phase of intra-
uterine development I intend to revert to this subject in the chapter on the 
pathogenesis of DEVR (Chapter 5). 
Absence of leakage from peripheral retinal vessels 
The finding that a number of our patients showed no fluorescein-angiographic 
evidence of leakage from peripheral retinal vessels is of importance in the 
diagnosis of DEVR Its consequence was that fluorographic changes in the 
peripheral retina could be readily overlooked Another interesting fact is that 
this phenomenon was observed in its most pronounced form m members of 
the same family (IV-6 H, IV-10 H and IV-11 H). Only in this family was signi-
ficant fluorescein leakage seen in the left eye of IV-6 H, in whom total rheg-
matogenic retinal detachment existed during the angiographic examination. 
The peripheral retina in this eye was evidently avascular Intensive fluorescein 
leakage occurred from the zone of vessels which demarcated this part of the 
retina Angiography of this patient's nght eye disclosed no fluorescein leakage 
at all (Chapter 3, Figure 98) Non-perfusion of the peripheral retina was angio-
graphically demonstrated in a sister (IV-10 H) and a brother (IV-11 H) of this 
patient, but there was no peripheral zone of aberrant leaking vessels (see 
Chapter 3, Figures 101 and 102). 
To my knowledge, none of the studies so far published on DEVR men-
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Table 10. Fluorescein-angiogram changes of the posterior pole of the fundus in 41 eyes 
with evident DEVR. 
Changes Number of eyes !/c 
Dilatation of macular capillaries 10 24 
Fluorescein leakage from macular capillaries 14 34 
Hyperfluorescent disc in the late phase 35 86 
Leakage from the disc into the surrounding retina 11 27 
tions the absence of leakage on the fluorescein angiogram of peripheral retinal 
vessels. 
Since the above cases occurred within one family, the question arises 
whether a condition other than DEVR may have been involved. I believe that 
this question should be answered in the negative. The configuration of the 
retinal vessels, the non-perfusion of the temporal retinal periphery and the 
pattern of hereditary transmission are all suggestive of an autosomal dominant 
disorder of the peripheral retinal vasculature which closely resembles DEVR. 
Figure 114. Slight dilatations of macular capillaries on the fluorescein angiogram (V-
29 A). 
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It would therefore seem to me that these cases are best regarded as represent­
ing a deviant manifestation or a variant of DEVR in this family. 
Similar angiographic features without peripheral leakage were found also 
in -ЗІ A. 
Posterior pole 
Fluorescein angiography revealed the following anomalies in the posterior 
pole of the fundus. 
Dilatation of macular and perimacular retinal capillaries. 
Dilatations of capillaries in the centre of the posterior pole were found in 10 
of the 41 angiographically examined eyes with evident DEVR (Figure 114). 
Most were confined to the macula, but some were found outside it. In some 
cases the capillaries also showed some deformation. These changes were also 
Figure 115. Late phase of fluorescein angiogram shows slight leakage from capillaries in 
the macular zone. Intensive hyperfluorescence of the disc (V-16 A). 
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found in fundi which showed no distortion of the vasculature of the posterior 
pole, and therefore do not seem to be caused by such distortion. 
Fluorescein leakage from macular and perimacular retinal capillaries. 
Fluorescein leakage from capillaries in or immediately around the macula was 
observed in 14 eyes (34%) (Figure 115). In most cases this leakage occurred 
from the abovementioned dilated capillaries in the late phase of the angio-
gram. In a few fundi, the late phase disclosed some leakage in the centre of 
the posterior pole although the early phase had shown no capillary dilatations. 
Not from all dilated capillaries did leakage occur. 
The leakage was characterized by a not very obtrusive, spotty colouring 
around the fovea. In no case did the late phase angiogram reveal the features 
of cystoid macular oedema. In most cases the leakage in the posterior pole 
did not seem to be responsible for any significant diminution of visual acuity. 
Extensive leakage was sometimes present in severe cases of DEVR with sig-
nificant retinal deformation. The most pronounced case was the right eye of 
VI-3 D, in which intensive diffuse fluorescein leakage was seen throughout 
the posterior pole and in the retina temporal to it. In this eye the intensive 
leakage had given rise to flat exudative retinal detachment. It seems likely 
that traction on the retina had unfavourably influenced the integrity of the 
retinal vessels in this eye, thus intensifying the leakage. 
The phenomenon of dilatation of and leakage from macular capillaries in 
DEVR has been previously described by Nijhuis et al. (1979) and Ober et al. 
(1980). 
Hyperfluorescence of and leakage from the disc. 
Hyperfluorescence of the disc in the late phase of the angiogram is a frequent 
finding in DEVR (Figure 115). I found this phenomenon in 35 of the 41 
eyes (86%). It is probably caused by slight fluorescein leakage confined to the 
disc. In 11 eyes (27%) the late phase revealed not only hyperfluorescence of 
the disc but also some fluorescein leakage from the disc into the adjacent ret-
ina. In no case was colouring of the walls of the large vessels near the disc ob-
served. It is not clear what the cause of this leakage is, nor from which vessels 
of the disc it comes. A possible explanation is that the leakage results from a 
slight lesion of the large retinal vessels at the disc. This could have been 
caused by their fixation within the lamina cribosa, while the more distal seg-
ments of these vessels are distorted in temporal direction. However, a hyper-
fluorescent disc was seen also in very mild manifestations of DEVR with no 
or hardly any deformation of the retinal vasculature in the posterior pole. 
Fluorescein-angiographic follow-up 
In 11 persons with evident DEVR, fluorescein angiography was repeated in an 
effort to demonstrate vascular changes, if any. In 9 of them (all in the A family) 
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the interval between the two examinations was 3 years or more. The angio-
grams could be reliably compared because on both occasions the same fundus 
areas had been photographed in about the same phase. 
In 20 eyes on which interpretable angiograms were available, no changes in 
structure of or leakage from retinal vessels was found to have occured during 
the follow-up period 
Visual fields 
With few exceptions, the members of the various families had no complaints 
which could be ascribed to visual field limitations However, kinetic peri-
metry with the Goldmann perimeter revealed that visual field anomalies were 
not rare in DEVR 
Visual fields were measured in a total of about 20 eyes of 10 persons with 
evident DEVR. Normal visual fields ODS were found in 3 persons. Six eyes 
showed slight-to-moderate absolute limitation of the nasal visual field Near 
the horizontal meridian the III-4 isopter deviated to within 50° in the nasal 
visual field, but did not come within 40°. 
Marked absolute limitation of the nasal visual field to within 40° was 
found in 6 eyes, in 4 of which the retina was entirely attached and had not 
been previously detached Figure 116 shows the visual fields in a few patients 
with absolute nasal limitation 
The limitation of the nasal visual field in DEVR has two causes 
— The avascular part of the retina has no light perception due to non-oxy-
genation of the inner layers of the neuroretina. It may be assumed that 
only the well-vasculanzed parts of the retina function, and that the bound-
ary of the nasal visual field is determined by the demarcation of the vas-
cular part of the temporal retina (Figure 117a, 117b). That this assump-
tion is correct is confirmed by the visual field OS in V-29 A, which shows 
significant absolute limitation of a large part of the superior nasal quadrant 
(Figure 116a). In the fundus of this eye, the inferior temporal quadrant of 
the retina which corresponds with this part of the visual field is most in-
completely vascularized. Here, the retinal vasculature terminates more cen-
trally than in the superior temporal quadrant of the fundus. 
— The second cause of the limitation of the nasal visual field in DEVR is the 
temporal ectopia of the foveola. The more pronounced this ectopia, the 
narrower the part of the functional retina on the temporal side of the 
fovea, and the corresponding nasal visual field (Figure 117c). 
It is evident that the two causes contribute cumulatively to the nasal visual 
field limitation in DEVR. The most pronounced limitation is therefore likely 
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Figure 116. Absolute Umitation of nasal visual field in V-29 A (a), V-12 D (b) and III-l 
Kc). 
211 
to occur in eyes in which a broad zone of the temporal retinal periphery is av-
ascular and which show significant temporal ectopia of the foveola. Temporal 
ectopia of the blind spot was demonstrated at perimetry of a few eyes. This 
phenomenon is a result of the foveolar ectopia (Figure 116b). A fact of clinical 
significance is that the abovementioned visual field defects can occur in asym-
ptomatic DEVR patients. Since in such cases fundus changes are likewise often 
minimal, and easily overlooked, misinterpretation of visual field findings is 
not inconceivable. Particularly ascription of these (bi)nasal visual field anoma-
lies to glaucoma simplex, or even to a tumour localized near the chiasm, might 
have serious consequences. 
Visual field anomalies in DEVR has so far not been mentioned in the 
literature. 
nasal field ¡0 
Figure 17. Origin of nasal visual field limitation in DEVR. a) Nasal visual field of a 
normal eye. b) Limitation of the nasal visual field in DEVR as a result of non-functioning of 
the avascular retina in the temporal fundus periphery, c) Further limitation of the visual 
field as a result of temporal ectopia of the foveola (F'). 
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4.13 Ultrasonography 
Ultrasonography (A-scan and B-scan) was performed on 18 eyes of 9 patients. 
The purpose was usually to gain an impression of morphological changes in 
the posterior segment of eyes with marked media opacities. 
In blind eyes, the vitreous space was usually filled by opacities. Ultrasono­
graphic localization of the retina was usually impossible in such eyes. The 
sclera of the posterior segment was often deformed and showed calcifications. 
The axis length of such atrophic eyeballs was usually no more than 20—21 mm, 
and in one case even as little as 14 mm (OS of IV-18 D). 
An interesting finding was that ultrasonography revealed some deform­
ation of the sclera on the posterior segment even in a few eyes without ex­
tensive vitreous organizations or retinal detachment. This phenomenon was 
most pronounced in ODS of IV-10 A. The Α-scan revealed that the eye axis 
length, measured at different sites of the posterior poles, ranged from 21.5 to 
23 mm. In both eyes the curvature of the sclera in the vertical plane exceeded 
that in the horizontal plane ; this was especially evident in the B-scan (Figure 
118). Moreover, the sclera of the posterior segment ODS proved not to be 
constant in horizontal section: the curvature was slightly more pronounced 
nasally than temporally in OD, while in OS the reverse was found. 
This observation justifies ultrasonographic examination of DEVR patients 
on a larger scale than was done in this study, particularly in persons without 
vitreous anomalies. In combination with cycloplegic refraction and kerato-
metry, ultrasonographic measurements might well give more information on 
the morphological abnormalities of the eyeball and the refracting media in 
DEVR, and their effect on refractive power. 
4.14 Electroretinography and electro-oculography 
An ERG was recorded of 24 eyes of 12 patients with evident DEVR and of 
6 eyes of persons with probable DEVR. As expected, 9 eyes with partial or 
total retinal detachment all showed markedly reduced or absent photopic and 
scotopic responses. 
The ERG of 9 eyes was quite normal. An interesting finding was that one 
of the eyes with a normal ERG showed a congenital retinal fold (V-24 A), 
whereas in another patient with similar fundus features photopic and sco­
topic responses were markedly reduced (OS of VI-3 D). 
Minimal-to-slight ERG changes were found in 6 eyes with an attached ret­
ina. In one person (V-39 A) the photopic and scotopic responses were within 
normal limits but both eyes showed a slightly subnormal B-wave under mes-
opic conditions (about 50д , white light stimulus of 0.2 Joule). 
In OS of IV-10 A, the B-wave — both under mesopic conditions and at 
stimulation with a frequency of 30 Hz — was found to be distinctly lower 
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than that in OD, which showed a normal ERG. OS differed from OD in signi-
ficantly lower visual acuity, retinal pigmented layer changes temporal to the 
disc, preretinal vitreous membranes and fairly diffuse leakage in the posterior 
pole in the late phase of the angiogram. Some traction exerted on the retina 
by vitreous membranes was probably responsible for the ERG changes in OS 
in this patient. 
Slightly subnormal B-wave values at stimulus frequencies between 20 and 
40 Hz, and some decrease in flicker fusion frequency (about 46 Hz) suggestive 
of slightly diminished cone function, were found in V-40 A (ODS) and IV-16 
Figure 118. Ultrasonogram of OD (on the left) and OS (on the right) of 1V-I0 A. a) A-
scan (anteroposterior), b) B-scan. Horizontal section through the posterior poles (OD: 
temporal side up, nasal side down. OS: nasal side up, temporal side down), c) B-scan 
(vertical section through the posterior poles). See also letterpress. 
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The literature on DEVR makes hardly any mention of ERG findings. 
Laqua (1980) reported that, in one eye of a DEVR patient, normal photopic 
and scotopic responses were found but that the flicker ERG and the oscil-
latory potentials were diminished. The other eye in this case showed total 
retinal detachment. 
Our results indicate that the ERG is usually normal or virtually normal in 
DEVR, unless the retina is damaged or detached. 
So far as possible, electro-oculography was performed in the same per-
sons in whom electroretmography had been earned out An EOG was recorded 
in 14 eyes with non-detached retinas. In 10 of these eyes, a normal ratio was 
found, in the remaining 4 eyes the ratio was less than 180 and had to be re-
garded as subnormal. One of these eyes (OS of IV-10 A) showed evidence of 
mechanical retinal damage. 
I have been unable to find any EOG results in the literature on DEVR. 
Our ERG and EOG results indicate that electrical testing of retinal func-
tion makes no contribution to the diagnosis of uncomplicated DEVR. 
4.15 Dark adaptation 
The Goldmann-Weekers apparatus was used to examine dark adaptation in 9 
persons The examination was made binocularly, but a few of these patients 
had only one functional eye. Dark adaptation was entirely normal in 5 per-
sons An increased cone threshold value was found in V-25 A. The rod thres-
hold value, determined after 25 minutes of adaptation, was dubious in one 
patient and subnormal in two (IV-8 A and IV-10 A) 
4.16 Colour vision 
Colour vision was tested m 15 eyes of 9 persons, and found to be entirely 
normal in 7 eyes Marked disorders of colour vision were found in IV-10 A 
(OS) and V-24 A (OS). In both cases visual acuity was very poor, and the dis-
orders could be ascribed to damage of the posterior pole of the retina caused 
by traction. 
Subtle anomalies of colour vision were found in 6 eyes of 5 patients two 
patients showed a slightly excessive number of errors (for their age) in the FM 
100 Hue test without specific axis direction, in combination with a slight 
shift on the Nagel anomaloscope to red (OS of V-25 A and V-16 A) One 
patient (V-29 A) showed slight anomalies ODS, which tended to a blue-yellow 
defect. One eye (OS of IV-16 A) showed a slight prolan defect in the FM 100 
Hue test and one (OD of IV-8 A) showed a bipolar deutan axis in the same 
test. 
The causes of the abovementioned slight disorders of colour visions are far 
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from clear to me. Some correlation with fluorescein leakage in the macular 
zone might be expected but was not established. ODS of V-39 A had good 
visual acuity and showed only minimal fluorescein-angiographic changes in 
the posterior pole, but nevertheless colour vision in these eyes was unmistak-
ably defective. On the other hand, OD of IV-10 A showed significant fluore-
scein leakage in the macular zone in the late phase, but colour vision in this 
eye was found to be normal. 
4.17 Histology 
In only one of the DEVR patients I examined had an eye been enucleated 
(IV-1 F). This had been done six weeks after birth because retinoblastoma 
could not at that time be excluded on the basis of clinical findings. The 
original specimens of this eye, partly with haematoxylin-eosin and partly 
with Van Gieson staining, were available for further study. The uncut part 
of the eyeball, which had been embedded in celloidin, was unfortunately no 
longer traceable. 
Although it was no longer possible to determine the exact dimensions of 
the eye from the available sections, there had evidently been no severe defor-
mation or phthisis of the eyeball (Figure 119). Our findings confirmed the 
original pathological observations. 
Figure 119. Sagittal section through OD of IV-1 F. 1) Retrolental fibrous tissue layer. 2) 
Glious tissue mass with remnants of neuroretina. 3) Posterior part of neuroretina. 4) 
Haemorrhage (Van Gieson, X 6). 
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The cornea shows artifical detachment of the endothelium but is other-
wise intact. The anterior chamber is shallow due to anterior displacement of 
the lens and iris. The root of the iris, however, shows a normal configuration 
in relation to the anterior part of the ciliary body. There are no anomalies in 
the area of the iridocorneal angle. 
The lens shows numerous vacoules, mostly localized equatorially and on 
the posterior side of the cortex. On the anterior side the lens capsule carries a 
few clumps of pigment, evidently originating from the pigment epithelium of 
the iris. The subcapsular epithelium is normal. On the posterior side of the 
lens, the capsule shows marked swelling and at some sites there are folds. 
Immediately posterior to the lens capsule, a thick plaque of connective 
tissue colours red upon Van Gieson staining; its collagen fibres extend more 
or less parallel to the lens capsule (Figure 120). This layer comprises a few 
blood vessels. On the anterior side, this tissue is firmly attached to the pos-
terior lens capsule at several sites, at which the lens capsule is much thinner 
and sometimes indistinguishable from the connective tissue layer. 
The retrolental fibrous plaque is connected on either side with the ciliary 
processes, which are stretched in central direction due to traction exterted by 
the connective tissue membrane. On the posterior side the connective tissue 
membrane is connected with a tissue mass of mainly glia cells. Between these 
glia cells, several strands of connective tissue enter from the retrolental con-
nective tissue plaque. It is evident that the tissue mass originates from the 
Figure 120. Magnification of the part of the section marked in Figure 119. Pseudorosettes 
between extensive proliferations of glia cells (Van Gieson, X 36). 
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totally detached neuroretina, which is hardly recognizable any longer due to 
glia proliferations Some structural features of the original retinal layers are 
vaguely discernible at a few sites Among the glia proliferations there are sev-
eral dysplastic rosettes, varying widely in dimensions and for the most part 
showing what appears to be a multi stratified structure (Figure 120) 
The part of the neuroretina which is deformed by glia tissue extends on 
either side in the retrolental vitreous space to the pars plana, to which it is 
attached At these sites the tissue mass emerges into a thin, atrophic posterior 
part of the neuroretina, which is likewise totally detached from the pigmented 
layer The latter part of the neuroretina, which shows hardly any recognizable 
stratification, forms the posterior boundary of a large haemorrhage This 
haemorrhage is therefore completely surrounded by retinal remnants (Figure 
119) In the other sections, which include the optic nerve, the neuroretina ex-
tends from the disc in anterior direction in the shape of a funnel 
The pigmented layer of the retina has remained in touch with the choroid 
throughout The largest part of the eyeball is therefore made up of subretmal 
space This space comprises an eosinophilic transudate in which no cells are 
discernible. The choroid is thin throughout and shows little development of 
choriocapülans and larger vessels 
The disc is severely deformed due to traction from the neuroretina In the 
segment of optic nerve localized just outside the lamina cnbosa, a relatively 
large amount of vascularized connective tissue is present among the axons At 
no site are inflammatory changes seen 
Discussion 
The histological changes described correspond with those found in serious 
manifestations of neonatal proliferative retinopathies, e g. retrolental fibro-
plasia. Immediately posterior to the lens, a fibrous plaque is present which 
most likely originates from fibrovascular proliferations in the peripheral ret-
ina. This fibrous tissue is firmly attached on the posterior side to a totally de-
tached neuroretina which shows rosettes of widely diverse shape and size and 
for the most part showing a multistratified structure. Such rosettes do not in-
dicate primary neuroretmal dysplasia but can be found in any condition in 
which the neuroretina has become detached from the pigmented layer. The 
presence of these rosettes, therefore, does not contradict the postulate that 
DEVR is a developmental disorder which occurs during the final months of 
mtra-utenne development (see Chapter 5). 
Striking features of the specimen described were large haemorrhages separ-
ated from the pigmented layer by the neuroretina. This means that these 
haemorrhages originally developed m the preretinal vitreous space It seems 
virtually certain that they came from (pre) retinal neovascularizations. 
Retinal or vitreous haemorrhages were a rare complication in our clinically 
examined DEVR patients. I should add to this that the intravitreous haemorr-
hage in the above described eye had not been noticed prior to enucleation, 
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undoubtedly due to retrolental opacities It may therefore well be that DEVR 
patients who show leucocorm may have significant vitreous haemorrhages 
concealed behind the retrolental membrane 
Evidently the severe retinal deformation m the above specimen makes it 
impossible to obtain information on the structure of the retinal blood vessels. 
This is why histological examination of this eyeball makes no contribution 
what ever to our knowledge of the nature of the primary lesions underlying 
the above described proliferative changes 
In my opinion, the light-microscopic changes in the eyeball described seem 
to be indistinguishable from those in severe retrolental fibroplasia 
Recently the histopathologic findings in DEVR were reported by Brock-
hurst et al (1981), who studied two eyes enucleated from two identical twin-
brothers No family members of this twin could be examined clinically in 
order to give more support to the diagnosis. The neural retina in both eyes 
was completely detached and gliotic and was thrown into large folds by a pre-
retmal membrane. 
4.18 General physical examination 
In all the families studied, specific questions were asked about the occurrence 
of congenital anomalies In IV-3 H (in whose case the diagnosis of DEVR was 
not entirely certain), low implantation of the ears was a conspicuous finding 
At the same time there was unmistakable mental retardation No general 
physical examination was made. This patient's brother (IV-12 H), in whose 
fundi no anomalies were found, was likewise mentally underendowed. 
Apart from a rather gracile habitus of a few members of the A family and 
a slightly elevated palate in the female proband of this family (V-25 A), no 
congenital anomalies or unusual physical characteristics were encountered in 
any of the families 
Extensive physical examination and laboratory studies were performed in 
7 patients with evident DEVR They yielded no findings of particular import-
ance. In 7 patients a haematological study (including a coagulation study) was 
performed, which revealed no distinct anomalies in any of them An oxygen 
dissociation curve was determined in one female patient (V-25 A) This, too, 
was normal. 
To summarize m the families studied I failed to find any indication that 
DEVR can be accompanied by general symptoms Most publications likewise 
make no mention of general physical or laboratory abnormalities associated 
with DEVR. 
Very recently Chaudhun et al.(1982) reported abnormal platelet aggrega-
tion in a DEVR family All five affected members of this family showed 
platelet aggregation tests non-responsive to administration of 15 mmol 
arachidonate Abnormal responses to adrenaline and low dose (1 microgram) 
collagen were seen m two of their patients. These findings suggest an in-
herent defect in the platelet Prostaglandine synthesis 
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Our haematologjcal examinations did not include the above platelet 
aggregation tests. Therefore, similar tests are being performed in several 
affected members of our DEVR families. I intend to report the results of 
these studies in a separate paper. 
4.19 Stages and course 
Gow and Oliver (1971) divided DEVR into three stages on the basis of the 
clinical features in their patients. They held that stage 1 was characterized by 
vitreous changes and traction on the peripheral retina, which showed white 
with pressure and white without pressure. Only in stage 2, they maintained, 
did retinal vascular changes develop. Stage 3 was described as characterized 
by extensive vitreous changes and retinal detachment. This classification was 
corrected by Laqua (1980), who pointed out that vascular anomalies and non-
perfusion of the peripheral retina were general symptoms of DEVR and there-
fore had to be included in stage 1. 
The results of a study by Nijhuis et al. (1979) and our results confirm that 
peripheral retinal vascular changes are a primary feature of DEVR. The pleo-
morphism of DEVR impedes a classification in stages. For this reason I have 
refrained from classifying the changes found in my patients in stages. 
The natural history of DEVR poses an important question. Criswick and 
Schepens (1969) observed unmistakable progression in several of their patients, 
and therefore described the chance of complete arrest of the condition as 
poor. Laqua (1980) maintained that the condition is slowly progressive, but 
that few patients ever attain the most severe stage. 
The histories and the findings obtained in the affected members of the 
various families in our study indicate that progression of DEVR is relatively 
rare, and mainly confined to juvenile patients who show fairly severe symp-
toms. Like Ober et al. (1980), I have been unable to demonstrate gradual pro-
gression of the condition in persons over 20 years of age. The only compli-
cation I observed in a few patients aged over 20, was rhegmatogenic retinal 
detachment. I found no indications that gradual diminution of visual acuity 
can occur in DEVR without retinal detachment or increasing traction on the 
posterior pole of the retina. 
I found no fluorescein-angiographic changes in the peripheral retina in the 
course of a follow-up over a period of three years. Even small neovascular-
izations at the demarcation between vascular and avascular retina seemed to 
be entirely stationary. 
As already pointed out, progression is to be expected mainly in children 
who show fibrovascular proliferations, intraretinal or subretinal exudates or 
distinct preretinal vitreous structures in the peripheral fundus. The patients 
examined by Criswick and Schepens (1969) were all in this category, and this 
selection explains why they frequently observed progression. 
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CHAPTER 5 
GENETIC ASPECTS AND PATHOGENESIS OF DOMINANT 
EXUDATIVE VITREORETINOPATHY 
GENETIC ASPECTS 
5.1 Mode of transmission 
Gow and Oliver (1971) were the first to find, in a family with DEVR, a pattern 
of inheritance which in their opinion was consistent with autosomal dominant 
transmission. In most of the subsequently reported families with DEVR, too, 
autosomal dominant transmission was likely, even though another mode of 
transmission could sometimes not be excluded with certainty in smaller pedi-
grees (Slusher and Hutton, 1979, Dudgeon, 1980, Ober et al., 1980 pedigree 
1). Smce the basis of our knowledge of the hereditary transmission of DEVR 
is rather narrow due to the limited number of published cases (only 60 in-
stances of DEVR have been published as such), it may be useful to consider 
the pattern of inheritance in our pedigrees m some detail, and to test it against 
the hypothesis of automal dommant transmission. 
Another reason to do this is that it cannot be excluded in advance that 
several conditions exist which show the phenotype of DEVR, but with differ-
ent hereditary characteristics. 
In all families except the small E and G families, both sexes were affected. 
Recessive X-chromosal transmission is therefore highly unlikely. Transmission 
from father to son was found in three families, this entirely excludes X-
chromosal transmission and indicates that autosomal recessive transmission is 
exceedingly improbable. In two families (D and I) the affection was diagnosed 
in three successive generations, and father-to-son transmission was also in-
volved in these families. Such a combination can only result from autosomal 
dommant transmission. 
In all families except E and G, the condition was found at least in one in-
stance in one of the parents of an affected person This finding argues against 
autosomal recessive or X-chromosomal transmission. 
The combinations of the various characteristics in the A, B, C, D, F, H and 
I families were not consistent with autosomal recessive or X-chromosomal 
transmission. 
If the hypothesis of autosomal dominant transmission is correct and gene 
penetrance is complete, then the ratio between the number of affected and 
the number of unaffected children of parents of whom one had evident DEVR 
should, at the large numbers, approximate 1 1 It was useless to calculate 
this ratio in the separate families because the numbers of persons examined 
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were too small. Even for determination of the ratio in the nine families taken 
collectively, the numbers were still small (e.g. because only families in which 
all children were examined could be used for this calculation). 
Another problem lay in the persons with an uncertain diagnosis of DEVR. 
In calculating the abovementioned ratio, members of the various families with 
an uncertain diagnosis of DEVR could be regarded as affected or as unaffected, 
or entirely excluded. The ratio calculated by each of these three methods 
never differed significantly from the 1 1 ratio to be expected. 
The sex distribution of the affected members of the various families taken 
collectively has been discussed in Chapter 4 (Table 2) As was to be expected 
with an autosomal gene, no predominance of either of the sexes was found 
5.2 Gene penetrance 
Determination of the gene penetrance of DEVR is of more than merely scien-
tific importance. An approximate notion of the degree of gene penetrance is 
of great value for physicians asked to give genetic counselling. For practical 
applications I refer to section 5 5. 
The literature supplies no data which could be used m even a gross approx-
imation of the gene penetrance of DEVR. Gow and Oliver (1971) mention an 
"uncertain degree of penetrance", which they suspect of being "reduced". 
Ober et al. (1980) suspected close to 100% penetrance on the basis of the ob-
servation that three of six descendants with a 50% chance of developing the 
symptoms of DEVR, did in fact show these symptoms Evidently, however, 
such small numbers of cases warrant no conclusion, however cautiously form-
ulated 
Determination of penetrance 
There is a simple method to determine the penetrance of an autosomal domi-
nant gene It is based on the fact that the genotype of the condition must be 
present in the parents of children of whom one or several suffer from the con-
dition in question. By determining in which percentage of such parent couples 
symptoms of the condition can be found, one obtains the percentage of per-
sons with the phenotype of the condition in relation to the total number of 
persons with the genotype This percentage corresponds with the gene pene-
trance In this determination, errors can be introduced by selection of families 
in which one of the parents shows changes versus families in which one of the 
parents has the genotype without showing symptoms of the condition The 
various causes of these errors need not be discussed in detail here 
The influence of most of these errors on calculated penetrance is such that 
the calculated value exceeds the true value It is impossible to determine the 
influence of these errors exactly, but it is not likely to be significant in the 
calculation of penetrance in our families 
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A 
В 
С 
D 
E 
F 
G 
H 
I 
5 
1 
5 
4 
1 
1 
1 
2 
3 
Table 11. Approximation of the penetrance of the DEVR gene. 
Parent couples with one or several children with evident DEVR 
Family 
Total number of couples Number of couples m whom 
examined abnormalities were found 
5 
1 
5 
4 
0 
1 
0 
2 
3 
Total 23 21 
Penetrance· ^ X 100% = 91% 
Our calculation of the penetrance of the DEVR gene is shown in Table 11. 
The first column lists the number of parent couples examined in the various 
pedigrees, of whom one or several children had evident DEVR. The second 
column separately lists the number of these parent couples in whom symp­
toms of DEVR were found. The table shows only two instances m which no 
anomalies were found in the parents of affected patients (E and G families). 
It is evident that gene penetrance is high. The calculated degree of gene pene­
trance is-
21/23 x 100% = 91% 
As in any autosomal dominant condition, the calculated gene penetrance is 
based on clinical observations. Whether symptoms are or are not found de­
pends on the method of investigation used and on the investigator's experience 
with the condition in question. The abovementioned degree of penetrance 
was calculated mainly on the basis of observations made with the aid of the 
slit-lamp and the three-mirror contact lens. 
I am convinced that, if examination of the fundi had been limited to in­
direct ophthalmoscopy, many cases of DEVR with minimal lesions would not 
have been identified as such. Evidently, such a procedure would have yielded 
a lower degree of penetrance. 
5.3 Gene expression 
The seventy of the ophthalmological changes found in patients with DEVR 
ranges from hardly perceptible symptoms in the peripheral fundus without 
any diminution of visual acuity, to fibrovascular organizations throughout the 
vitreous space with resulting total retinal detachment. Most publications on 
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DEVR describe such variations in the severity of symptoms. Our study does 
not confirm the view of some authors (Criswick and Schepens, 1969; Gow 
and Oliver, 1971; Laqua, 1980) that DEVR probably has a gradual progressive 
course in most cases (Chapter 4). Since few patients show any evidence of 
progression, especially after childhood years, the difference in severity of 
symptoms between these patients can hardly (if at all) be interpreted as indi-
cating different stages of the disease. The interindividual difference in severity 
of symptoms should be regarded mainly as a result of the widely variable ex-
pression of the DEVR gene. 
The significance of complications such as neovascularizations and rhegma-
togenic retinal detachment has been discussed in Chapter 4. The occurrence 
or non-occurrence of these complications is largely decisive for the ultimate 
function of the eye involved. 
5.3.a Genetic factors 
The question may arise whether genetic factors could exert an influence on 
gene expression. In principle, they very well may because several genes un-
doubtedly play a role in the embryonic development of the retina. The differ-
ence in composition of such a group of genes, which can be expected in dif-
ferent individuals, might be a cause of the difference in expression of the 
DEVR gene. 
This influence of the genetic background on the gene expression in DEVR 
can certainly not be excluded. The marked variation in gene expression in the 
two eyes of the same individual which is frequently observed in DEVR, can 
of course not be explained by genetic factors. I regard this important clinical 
observation as a strong argument in favour of the postulate that genetic fac-
tors can only partly be responsible for the variabUity of DEVR gene expression. 
5.3.b Influence of the "environment" 
It seems a logical premise that external influences may be of some significance 
in the aetiology of symptoms of DEVR. Different external conditions could 
lead to differences in gene expression. Since the primary disorder of vascular 
development in DEVR occurs in the course of the final months of pregnancy, 
different conditions of the foetus in utero during this period may influence 
the severity of the symptoms. It is virtually impossible to demonstrate the 
influence of such "external" factors. I have been unable to find a correlation 
between birth weight and severity of fundus changes. A very interesting ques-
tion is whether prematurely born children with DEVR have been especially 
sensitive to neonatal oxygen administration. This subject is discussed in some 
detail in Chapter 8. 
To environmental factors which might influence the embryo or the infant, 
the same applies as to the abovementioned genetic factors: it is inconceivable 
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that these factors as such could cause the marked differences in gene ex-
pression between OD and OS in a given individual. 
5.4 Incidence and distribution of the gene 
At this time it is impossible to estimate the incidence of the gene. A large 
group of persons who possess the gene have no visual complaints, and no 
readily discernible fundus changes; the clinically working ophthalmologist 
will consequently tend to underestimate the incidence of the DEVR gene. 
Our study has shown that even severe cases of the conditions are often not 
correctly diagnosed. This is not surprising because, until a few years ago, 
DEVR was still a virtually unknown condition. It is therefore also understand-
able that the diagnosis is not included in recent statistics on causes of blind-
ness and diminished visual acuity in children, e.g. those compiled by the Inter-
national Association for Prevention of Blindness (Schappert-Kimmeyser, 
1975). 
In my opinion, DEVR is not rare in The Netherlands. Instances of DEVR 
are encountered relatively often if one is specifically looking for its symptoms. 
Recent observations in Great Britain suggest that there, too, the condition 
is not rare (Bird, 1981). 
5.4.a Ethnic and geographical distribution 
All the DEVR families described in this study are Caucasian and, so far as I 
know, originate from Dutch ancestors. Although some of the publications on 
DEVR supply no information on the racial constitution of the family or fam-
ilies studied, yet most cases have been observed in Caucasians. It is certain, 
however, that the condition is not found exclusively in whites. 
Ober et al. (1980) described DEVR in a brother and sister in a Chinese 
family. In a family of Iranian origin described by the same authors, DEVR 
was diagnosed in a father and three daughters. 
The fluorescein angiograms which Minoda and Kanagami (1976) published 
as obtained in various Japanese patients referred to their department for rheg-
matogenic retinal detachment are highly suggestive of DEVR. The history of 
most of these patients was unfortunately uncertain, and consequently it is 
possible that the changes found in some of them were based on retrolental 
fibroplasia. It is likewise unfortunate that no family data are presented in 
their study. 
The syndrome described by Kimura and Uemura (1977) is probably also 
identical to DEVR, but I have no certainty that this is true. 
Van Manen (1944) published a case of bilateral congenital retinal fold in a 
native inhabitant of Nias, a small island near Sumatra in the Indonesian Archi-
pelago. Despite the negative family history, the detailed description of the 
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fundus changes found in this patient is quite consistent with a diagnosis of 
DEVR, although of course it is impossible to establish this diagnosis in retro-
spect. According to Van Manen, the population of Nias is probably of Mong-
oloid origin. 
5.5 Genetic counselling 
Genetic counselling is an important component of the care to be extended to 
DEVR patients or their family. A more detailed discussion of this subject is 
not superfluous, because the literature provides but little information on this 
aspect of DEVR. 
This section intends to give some information on the risks of certain DEVR 
manifestations in the offspring of members of families in which the condition 
occurs. It should be emphasized that these risks as a rule cannot be calculated 
with any exactness; we must accept approximations based on the available 
knowledge. 
If we are to provide genetic counselling, we should have some knowledge 
of the following three characteristics of the DEVR gene: 
— mode of transmission 
— penetrance 
— expression. 
As previously explained, we may assume autosomal dominant transmission of 
DEVR; and we may assume that gene penetrance, as calculated in the families 
studied, is about 90%. 
Gene expression is somewhat less easily determined. It is evident that the 
severity of symptoms in a given person is determined by the diminution of his 
binocular visual acuity. This is why it is important for the ophthalmologist or 
geneticist to know how large the risk is that persons who possess the gene 
have visual acuity values below a particular level. To calculate this risk, we 
would have to know the binocular visual acuity of a large group of persons 
with the DEVR gene. 
Table 5 of Chapter 4 presents the distribution of visual acuity in the better 
eye in our DEVR patients. This distribution reflects the degree of visual handi-
cap in DEVR patients and thus gives some indication of the risk of a certain 
diminution of visual acuity in persons who possess the DEVR gene. It is pos-
tulated in this context that visual acuity in the persons on whom the table is 
based, undergoes no changes as a result of the condition. This postulate cer-
tainly seems plausible for most of these persons because, as we have seen, 
DEVR is rarely progressive after adolescence. 
The number of persons with a visual acuity in the better eye of 0.5 or less 
was 13 (18%) in this table. In providing genetic counselling, therefore, a risk 
of 18% can be used as roughly approximating the risk of such a visual handicap 
in persons with the gene in whom fundus changes are found. 
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The risk of severe diminution of visual acuity, at least binocularly, is rel-
atively small for children of parents of whom one has the DEVR gene. 
In genetic counselling it is therefore not sufficient to calculate the risk that 
a child will possess the gene or show the changes of DEVR. It is of importance 
to point out that most persons affected have good or fair visual acuity, and 
that only a minority of them are visually handicapped. This information is 
the more important as the category of parents or parents-to-be who ask for 
advice, is largely confined to those who know of severe cases of DEVR in 
near relatives or who themselves suffer from severe DEVR. 
PATHOGENESIS 
5.6 DEVR as a vascular developmental disorder 
On the basis of recent studies (Canny and Oliver, 1976; Nijhuis et al., 1979; 
Laqua, 1980; Ober et al., 1980) and our own observations, it has become evi-
dent that DEVR is primarily an affection of peripheral retinal vessels. The 
other fundus and vitreous changes are most likely secondary to the vascular 
disorder. 
Although the peripheral retinal changes have often been interpreted as 
capillary closure, they evidently cannot have been caused by occlusion in a 
primordially normal vascular system. The finding of aberrant, irregular ter-
minal ramifications adjacent to the avascular retinal periphery indicates a 
vascular developmental disorder. 
In view of the fact that in most eyes with DEVR the nasal retinal peri-
phery shows complete vascularization, while the vascularization of the tem-
poral retinal periphery extends to about the equator or slightly peripheral to 
it, it is plausible that the disorder of vascular development has occurred be-
tween the 7th and the 9th month of intra-uterine development. This postu-
late proceeds from the hypothesis that the rate of vascular development had 
been more or less normal before the disorder developed. 
The question arises how abrupt the disturbance in vasculogenesis may have 
occurred in DEVR patients. The knowledge now available is not sufficient to 
answer this question. In many cases, fluorescein angiography of the equatorial 
retina of DEVR patients reveals not only structural changes of and leakage 
from the most peripheral vessels, but similar changes in slightly more central 
parts of the vascular system. This suggests that the disturbance has not devel-
oped abruptly but has exerted its influence for some time before leading to 
complete arrest of vasculogenesis. 
The process underlying the disorder of vasculogenesis in DEVR has so far 
remained obscure. Some of several theoretical possibilities are listed and 
criticized below. 
1. The DEVR gene causes structural anomalies in the peripheral retina which 
prevent vascular development in this part of the fundus. 
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Criticism. In most patients, clinical examination has failed to reveal distinct 
anomalies of the avascular retinal periphery. The changes found in this part of 
the fundus in more severe cases seem to be a result rather than a cause of the 
disturbed retinal vascularization. The above hypothesis is therefore not sup-
ported by clinical observations. 
2. The disturbed vascular development results from abnormal development or 
involution of the foetal hyaloid system. 
Criticism. Before it develops its own vascularization, the neuroretina is partly 
oxygenated from the hyaloidal vasa propria. It is therefore conceivable that 
changes of the hyaloidal system may have consequences for the vascularization 
of the retina. The finding of cases of congenital retinal fold (a malformation 
regarded by some as a result of a developmental disorder of the primary vit-
reous and the foetal hyaloidal system) in DEVR families prompted Dudgeon 
(1979) to launch this suggestion. I have found no remnants which might in-
dicate abnormal regression of the hyaloidal system. Moreover, a more plausible 
explanation of a congenital retinal fold in DEVR presents itself (Chapter 8). 
To summarize: there is no sufficient clinical evidence to support this hypo-
thesis. 
3. Vascular development becomes disturbed by anomalous oxygen transport 
in the foetal blood. 
Criticism. This hypothesis is based on the similarity in clinical symptoms be-
tween DEVR and retrolental fibroplasia (RLF). The vascular anomalies in 
RLE as a rule develop in response to a significant increase in the oxygen press-
ure of the arterial blood. It is quite inconceivable that the presence of foetal 
blood with an abnormal oxygen affinity (e.g. due to an abnormal haemo-
globin or abnormal replacement of foetal haemoglobin by normal adult 
haemoglobin or abnormal concentrations of co-factors such as 2, 3-diphos-
phoglycerate) could lead to any significant increase in arterial oxygen press-
ure in utero (Lorijn, 1980, 1981). 
Another argument against the above hypothesis is that, so far as I know, 
there has been no report on a human foetal haemoglobinopathy manifested 
exclusively by ocular changes. 
Although I had no occasion to study oxygen dissociation in neonates with 
DEVR, examination of older children and adults revealed no anomaly in the 
morphology of the blood, and no indications suggesting the presence of ab-
normal haemoglobins. An oxygen dissociation curve was determined in one 
young female patient, and found to be quite normal (V-25 A). 
4. The disorder of vascular development results from a local metabolic dis-
order which is limited to the complex of vasoformative tissue in the foetal 
neuroretina, and which occurs in response to the anomalous gene present 
in the cells of this tissue. 
Criticism. According to this hypothesis the disorder is confined to the zone of 
production of immature blood vessels in the foetal retina, and extraretinal 
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anomalies play no role in its pathogenesis. The local metabolic disorder may 
be based on or associated with an increased sensitivity to oxygen, so that vas-
culogenesis is disturbed even at normal oxygen pressure (this, of course, is un-
certain). 
In my opinion few (if any) objections can at this time be made to this 
hypothesis. However, as long as the pathogenesis of DEVR has not been eluci-
dated, the search for extraretinal anomalies which may play a role in this 
pathogenesis must not be discontinued. 
5.7 Deformation of the foetal network of retinal vessels as direct consequence 
of disturbed vascular development. A hypothesis. 
A striking feature of DEVR is the abnormal configuration of retinal vessels in 
and around the posterior pole. As mentioned in Chapter 4, this was found in 
60% of the eyes examined. In severe cases of DEVR this deformation of the 
vascular network can be ascribed to traction exerted by preretinal membranes 
in the temporal periphery of the fundus. However, many eyes with an ab-
normal retinal vascular pattern in the posterior fundus, show no discernible 
structure in the preretinal vitreous space which might have caused such defor-
mation. This absence of a tractional cause in a fair number of eyes with 
DEVR suggests that other factors play a role in the deformation of the retinal 
vascular system. 
It has been previously explained in this chapter that DEVR is based on 
premature termination of vasculogenesis of peripheral retinal vessels, probably 
in the final months of the intra-uterine period. It seems likely that this dis-
turbance not only leads to incomplete peripheral retinal vascularization but 
also plays a direct role in the deformation of more central, primordially earlier 
parts of the vascular system. 
That such a disturbance could influence a primordially earlier and there-
fore normal part of the vascular bed would hardly be conceivable if the latter 
would have attained its definitive configuration prior to the period in which 
the developmental disorder occurs. However, this is not the case. As outlined 
in Chapter 1, the normal human retinal vasculature has not yet assumed its 
adult configuration even at the time of birth, but growth, maturation and re-
modelling of the immature vascular network continue after birth (Cogan, 
1963). In my opinion the latter process is inevitably influenced by a late 
foetal disorder of vasculogenesis of the type involved in DEVR. It is probably 
by this influence on the otherwise physiological process of remodelling that 
an abnormal arrangement of primordially normal parts of the retinal vascul-
ature is caused. 
A fact of importance in this conception is that the disturbance in peri-
pheral retinal vasculogenesis occurs in a vascular system which in its totality is 
still immature. Consequently the disturbance not only has its consequences 
230 
for the peripheral vasculature but leads to some deformation of the entire 
vascular network. 
In DEVR it is in particular the development of the peripheral ramifications 
of the temporal retinal vessels that is disturbed and finally arrested completely. 
Since growth and maturation of the primordially established parts of the ret-
inal vascular bed in the posterior pole and nasal periphery continue normally, 
it is conceivable that some displacement occurs in the direction of the areas in 
which vascular development lags behind. This is why displacement from the 
nasal to the temporal periphery occurs. However, the fixation of retinal vessels 
at the site of the disc turns this displacement into a slight rotation round the 
posterior pole (Figure 121). 
Figure 121. Schematic representation of the late foetal deformation of the retinal vas-
cular system in DEVR. a) About the 7th month: normal development; unlike the tem-
poral half of the retina, the nasal half shows virtually normal vascularization, b) About 
the 8th-9th month: late disturbance in vasculogenesis manifesting itself in the temporal 
half of the fundus. Deformation of the other parts of the vascular network with displace-
ment in temporal direction (arrows). 
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The above hypothesis affords an explanation of the abnormal configuration 
of vessels and the macular ectopia in eyes with DEVR which show no signs of 
traction. Nor can traction explain the aberrant structure of the retinal vascu-
lature between posterior pole and temporal equator, which is characterized 
by an increased number of parallel vascular ramifications (Figure 122). As 
demonstrated angiographically in Chapter 4, the capillary network between 
such vessels is often poorly developed. The hypothesis that such vascular 
ramifications have pushed together as a result of the vascular development 
disorder is more consistent with the clinical observation than the hypothesis 
of a fractional course. The role of traction exerted by epiretinal membranes 
in the pathogenesis of the deformation of the retina and its vasculature seems 
significant only in the severe forms of DEVR. 
The hypothesis that disorders in the development of the peripheral retinal 
vasculature may have consequences for the configuration of vessels in the pos-
terior pole, is supported by observations made in some cases of Wagner's 
disease (see Chapter 10). 
Figure 122. Increased number of vascular ramifications in retinal areas temporal to the 
posterior pole OS. This phenomenon can apparently not be explained by traction, but is 
probably a direct consequence of disturbed vascular development. 
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S.8 Objections to qualification of DEVR as "vitreoretinal dystrophy" 
Several ophthalmological studies published in recent years classify DEVR 
among the vitreoretinal degenerations (Tolentino et al., 1976), vitreoretinal 
dystrophies (Deutman, 1977; Naumann, 1980) or "hérédodégénérescences 
vitréo-rétìniennes". (Вес et al., 1980). To my mind, these designations are not 
consistent with the nature of DEVR. 
The degeneration concept has found wide acceptance especially as a patho­
logical anatomical term, used with reference to disorders of tissue metabolism 
which become manifest in characteristic morphological changes (Hogan and 
Zimmerrfian, 1962). 
The term dystrophy is likewise used to refer to conditions associated with 
premature cellular changes and cell death. Of importance is that both degener­
ation and dystrophy concern (fully developed) mature tissues (Apple and 
Naumann, 1980). 
Dysplasia, however, involves disturbed tissue development, although 
Waardenburg (1963) maintains that dystrophy can occur on the basis of a 
dysplastic disorder, whereupon apparently normal cells or tissues gradually 
degenerate and are destroyed. 
As we have seen, DEVR is a condition characterized by a late foetal devel­
opmental disorder of the retinal vascular system. It does not involve a pro­
cess of gradual degeneration of initially normal cells during (extra-uterine) life, 
and the terms dystrophy and degeneration therefore do not apply. Clinically, 
this is evident from the absence of slowly progressive morphological and fun­
ctional changes in DEVR, which in this respect differs from, say, the heredi­
tary retinal dystrophies. The fact that in a minority of eyes with DEVR signs 
of progression of the changes may be observed in a particular period of life 
(e.g. due to increasing exudates or vitreous organizations) does not imply that 
the condition may be qualified as degeneration or dystrophy. 
A second critical note on the designation vitreoretinal degeneration or 
vitreoretinal dystrophy concerns the adjective "vitreoretinal", which suggests 
that the vitreous is always affected. Absence of vitreous changes in more than 
50% of the eyes with DEVR has already been mentioned in Chapter 4. In my 
opinion, DEVR is a retinopathy rather than a vitreoretinopathy. The vitreous 
anomalies in DEVR should be regarded as a consequence of the retinal 
vascular anomalies. 
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CHAPTER 6 
PREVENTION AND TREATMENT OF COMPLICATIONS OF 
DOMINANT EXUDATIVE VITREO RETINOPATHY 
6.1 Early diagnosis and selection of high-risk patients 
Unlike many other hereditary affections of the retina, DEVR is not character-
ized by slowly progressive degeneration. Visual function is determined largely 
by the occurrence or non-occurrence of complications, some of which can be 
treated or even prevented. 
These facts justify attempts to reduce the incidence of visual loss as a result 
of DEVR. 
Unlike retrolental fibroplasia (RLE), there is no tainted neonatal history 
in DEVR; consequently the condition is usually not identified until visual loss 
is evident in one or both eyes. Early diagnosis of DEVR, before symptoms 
develop, is possible in young children in families in which the condition is 
known to occur. Parents who show symptoms of DEVR should be instructed 
about the importance of examination of their children and future children. It 
is of importance to point out that the condition as a rule takes a benign 
course, and that treatment is required only in a minority of cases. 
It is difficult to decide at which age young children are best examined. Be-
cause DEVR can cause marked anomalies even shortly after birth, the exam-
ination ought to be made in the neonatal period. This, however, poses practi-
cal problems in most cases. Examination at the age of 2—4 months seems 
more acceptable. When fundus examination in mydriasis reveals no lesions, it 
is advisable to re-examine the infant in early childhood, because such an 
examination probably cannot exclude minimal manifestations of DEVR with 
certainty. 
Follow-ups on children with minimal lesions should probably be made 
periodically before school age is reached. Older children and adults with mini-
mal lesions need not, in my opinion, be examined more frequently than once 
every 1—2 years. 
It is of great importance to ensure that, in families with DEVR, children 
with an increased risk of complications are selected at the earliest possible age. 
The presence of the following symptoms in young children most likely in-
dicates an increased risk of complications: 
— traction on the peripheral retina, exerted by vitreous membranes 
— significant deformation of the retina in the posterior pole 
— vascular proliferations 
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— retinal and subretinal exudates 
— retinal defects 
— anisometropia. 
Children in whom these symptoms are found, need frequent follow-up exam-
inations. 
6.2 Treatment 
Amblyopia 
In children with DEVR who show subnormal visual acuity in one eye, efforts 
should be made to establish whether this is (partly) a result of amblyopia. 
Whenever amblyopia is considered possible on the basis of orthoptic and oph-
thalmoscopic examination, it should be treated as soon as possible. Anisome-
tropia, if present, should be corrected. It is important to ensure that treat-
ment by occlusion is not unnecessarily intensive and prolonged: very often it 
is impossible to restore normal visual acuity when there are structural retinal 
changes in the posterior pole as well. 
Strabismus 
When an operation to correct strabismus is contemplated, the frequently en-
larged positive kappa angle due to temporal macular ectopia should be taken 
into account. It is therefore important to ascertain, before intervention, to 
which extent the abnormal kappa angle contributes to the visible eye position. 
The worst error that could be committed is to mistake a pseudodivergent eye 
position for divergent strabismus, and to make an attempt at surgical 
correction. 
Neo vascularization 
The most serious complications of DEVR are a result of neovascularization, 
and it is logical to attempt to treat this by cryocoagulation or photocoagu-
lation. Some therapeutic effect can be expected only if this treatment is in-
stituted at a time when the vascular proliferations have not yet led to extensive 
vitreous organizations. 
Unfortunately, severe cases which would require coagulation have so far 
nearly always been overlooked until marked visual loss has occurred. It is 
therefore a sine qua non that children with DEVR be ophthalmologically 
examined before visual loss occurs. As already pointed out, this can be ensured 
only if DEVR families are recognized and registered as such, and if affected 
family members are instructed about the importance of an examination of 
their children (if any) at an early age. 
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It is far more difficult to trace cases of DEVR in infants than it is to trace 
RLF: in the latter case it is reasonably possible on the basis of the history to 
establish which children are running a grave risk of developing severe lesions. 
There are only two publications which supply data on the results of coagu­
lation therapy in DEVR: Criswick and Schepens (1969) treated five patients 
with peripheral neovascularizations by photocoagulation or cryocoagulation 
(three were treated bilaterally). Some time after treatment two eyes showed 
rhegmatogenous retinal detachment, which in one case was successfully treated 
while in the other case the features of massive periretinal proliferation (MPP) 
were found. A few eyes responded favourably to coagulation, but in some 
cases the neovascularizations persisted or even expanded. The average age of 
the patients treated was about 12 years. 
Gow and Oliver (1971) treated four patients with fibrovascular prolifer­
ations in the fundus periphery by cryocoagulation, and one patient by photo­
coagulation. The last patient showed no signs of progression during a follow-
up over 12 months; the four patients treated by cryocoagulation all showed 
atrophy of the fibrovascular cicatrix. The average age of these five patients 
was about 9 years. 
Only three of our patients were treated by photocoagulation in view of 
neovascularizations. In V-25 A the fundus OD was treated with the Argon 
laser (only slight active vascular proliferations were present). No signs of pro­
gression were observed in the fundus, and visual acuity remained unchanged, 
during a follow-up over 5 years. 
In III-2 В the avascular zone of the temporal fundus periphery OD was else­
where treated with the Argon laser on several occasions. This patient only had 
a small neovascularization which seemed not very threatening and disappeared 
completely as a result of the coagulations. 
Larger neovascularizations (V-52 A) were treated by photocoagulation. In 
this female patient a fan-shaped preretinal neovascularization was treated by 
direct Xenon coagulation; it was found to be markedly reduced after a few 
weeks. A few leaking remnants of this proliferation were subsequently treated 
with the Argon laser. During a follow-up over 5 years this patient developed 
no symptoms of traction or neovascularization, and her visual acuity remained 
unchanged (1.0). In none of these three patients were complications observed 
after coagulation. 
Progressive vascular proliferation in young patients with DEVR would 
seem to be the principal indication for coagulation. Adults with DEVR have 
small neovascularizations which seem to be stationary and need no treatment 
(V-2 D). 
Leakage from retinal vessels 
In eyes in which leakage from retinal vessels leads to progression of oedema 
and intraretinal and subretinal exudates, attempts may be made to exert a 
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favourable influence on this process by photocoagulation or cryocoagulation 
of the retinal areas involved. I have only incidentally resorted to such treat­
ment (VI-3 D). 
Retinal defects and retinal detachment 
Small circular atrophic defects are the type of retinal defect most commonly 
found in DEVR. The question whether this type of defect in an attached ret­
ina requires treatment, is not readily answerable. General studies have shown 
that the risk of a complicating detachment of the retina when there are 
asymptomatic defects of this type is very small (Byer, 1974), but it is uncer­
tain whether this applies also to DEVR. Prophylactic coagulation of such small 
defects seems to carry no undue risk, and is certainly indicated in DEVR 
patients with a history of rhegmatogenous retinal detachment in the other eye, 
or with a history of this complication in the immediate family. 
The type of treatment of horseshoe ruptures — in DEVR as in other 
patients — depends on several factors. Generally, the therapist confronted 
with such ruptures has a choice between coagulation therapy or a scleral 
buckling procedure combined with coagulation. 
Retinal detachment in DEVR is a serious complication, and its treatment 
may pose grave problems. As in RLE, the prognosis of this complication 
seems to depend largely on the patient's age: the earlier in life the retina be­
comes detached, the less favourable the prognosis. As in RLE, rhegmatogenic 
retinal detachment in DEVR seems to occur mostly after age 10, and can be 
treated by a classical scleral buckling procedure. Successful treatment of rheg­
matogenous retinal detachment in DEVR by this technique was reported by 
Criswick and Schepens (1969) and by Dudgeon (1980). In two of our patients 
the retina was re-attached in this way (VI-3 В and III-3 H). 
A problem often encountered in the treatment of retinal detachment due 
to cicatricial RLE is the difficult localization of small peripheral defects, which 
in some cases are probably concealed behind preretinal glious membranes 
(Tasman, 1975). The same problem is unlikely to pose itself in DEVR, and 
probably also existed in some of our patients (VI-3 D, IV-6 H and IV-33 C). 
A grave problem in the operative treatment of retinal detachment — both 
in DEVR and in RLE — is that its pathogenesis is often tractional as well as 
rhegmatogenous and exudative. This forces the surgeon to select a combination 
of techniques most likely to do justice to the various factors which have led 
to the detachment. 
In the case of retinal detachment with severe traction from the vitreous 
space, sclera] buckling alone is often inadequate. In these cases this procedure 
can be combined with vitrectomy via the pars plana. Such a combined oper­
ation was performed on Ш-5 B, IV-6 H and IV-33 C. 
There are only incidental reports on pars plana vitrectomy in DEVR 
(Laqua, 1980). Treister and Machemer (1971) described this procedure in the 
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Figure 123. a) Retinal detachment with contraction of the retina due to epiretinal mem-
branes. b) Insufficient effect of scleral buckling procedure. 
treatment of a 16-year-old female with no history of neonatal oxygen admin-
istration, who showed the typical fundus anomalies of DEVR. They success-
fully treated a total retinal detachment in the posterior pole by removing vit-
reous adhesions to the retina. 
Another problem in severe DEVR is that contraction of epiretinal mem-
branes shortens the detached retina. Whether an episcleral or intrascleral buckle 
is an adequate therapeutic technique in these circumstances, is questionable: 
this method does not abolish the incongruence of sclera and neuroretina 
(Figure 123). In patients with a severely shortened retina it seems more 
Figure 124. Treatment of a detached and contracted retina (a) by scleral excision (b, c). 
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effective to use the old technique of scleral excision as introduced by Müller 
in 1903, which if necessary can be combined with pars plana vitrectomy as 
recently suggested by Hanscom and Machemer (1980) (Figure 124). 
So far there have been no reports on operative treatment of retinal detach-
ment in very young children with DEVR. In view of experience gained with 
operative treatment of RLF, the chance of successful re-attachment surgery 
at a very early age seems limited. However, some investigators have demon-
strated that re-attachment surgery can have hopeful results in very young 
children with RLF, although long-term follow-up data on such patients have 
not been published (McPherson and Hittner, 1979). 
The technique of injecting silicone oil into the preretinal vitreous space 
seems to be justified in selected cases in which extensive vitreous membranes 
have fixed the retina in rigid folds, or in which other operative techniques 
have failed. Although data on long-term results are still rather scanty, injec-
tion of silicone oil can effect adequate unfolding of the retina (VI-6 H: 
Figure 125). In patients with large retinal defects this procedure is risky be-
cause oil can flow through the defect into the subretinal space (III-5 B). 
Figure 125. OS. Stereo-photograph. Re-attachment of the retina by means of silicone oil 
injection after a former unsuccessful scleral buckling procedure (Vl-6 H). 
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CHAPTER 7 
CONGENITAL RETINAL FOLD (ABLATIO FALCIFORMIS 
CONGENITA) 
The term congenital retinal fold (ablatio falciformis congenita) refers to an 
allegedly congenital malformation which is characterized by the presence of 
a raised retinal fold extending radially from the posterior pole to the fundus 
periphery. Since the end of the 19th century this condition has been the sub-
ject of a considerable number of ophthalmological publications. Of several 
hypotheses on its pathogenesis, that advanced by Ida Mann (1935) is the 
most widely known. 
It is now generally accepted that congenital retinal fold is not a clinical 
entity but can be a manifestation of a diversity of conditions The literature 
on congenital retinal fold is full of contradictions. So far, the relation be-
tween DEVR and congenital retinal fold has hardly been studied. This chapter 
focuses mostly on this relation. 
7.1 The clinical features of congenital retinal fold 
Weve (1935) described the anomaly as a duplicature of the retina, which was 
stretched like a sail between the disc of the optic nerve and the area between 
lens and ciliary body. He nearly always observed this anomaly in the inferior 
temporal quadrant of the fundus, and described it as "ablatio falciformis con-
genita". 
The patients described by Mann (1935) likewise showed a retinal fold ex-
tending from the disc to the extreme periphery of the fundus, or even to the 
equator of the lens, in most cases, several radially arranged blood vessels were 
distinguishable m this fold. However, the folds observed by Ida Mann were 
not always localized in the inferior temporal quadrant of the fundus 
The reports published by Weve (1935) and Mann (1935) were not the first 
on this condition. Pfluger (1885) had already described bilateral changes in 
the temporal fundus periphery in a microcephalic child which he interpreted 
as coloboma but which in all likelihood were based on falciform retinal de-
tachment, i.e congenital retinal fold. 
A patient described by Sulzer (1888) showed a congenital retinal fold in 
the inferior temporal quadrant of one eye, whereas the other eye was entirely 
normal. 
Heme (1904) found bilateral changes in a 9-year-old girl which he described 
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as congenital cystic retina; these changes also seem to correspond with the 
clinical features of congenital retinal fold, but in this case the diagnosis in not 
entirely certain. 
Salffner (1902) published a detailed description of the histopathologjcal 
changes in the eye of a 10-month-old infant, which had been enucleated be-
cause a "glioma" had been suspected. In the inferior part of the vitreous 
space, a retinal duplicature extended from the disc to the posterior side of the 
lens. 
In 1904, De Vries described a 5-year-old boy with a posterior pole cataract 
OD and, in OS, a strand extending in anterior temporal direction from the 
disc; the strand contained vessels, some of which extended into the retina. 
The retina outside this strand, however, was virtually avascular. This patient 
died at age 11 as a result of multiple tumours interpreted as endotheliomas 
and neurofibromas. The histological findings were published by Ancona 
(1935). Her description and illustrations clearly show that in this patient, too, 
there had been a falciform retinal detachment in the inferior temporal quad-
rant of the fundus. 
Many other publications clearly showed the predilection of congenital ret-
inal fold for the inferior temporal quadrant of the fundus. Apart from Weve's 
patients (1935, 1938) and the abovementioned cases, congenital retinal folds 
were reported in this quadrant by numerous other authors (Hoffman, 1926; 
Stiibel, 1927, 1928; Tillema, 1937; Gartner, 1941; Theodore and Ziporkes, 
1940; Poulsen, 1947; Van Manen, 1944; Von Winning, 1952; Badtke, 1954, 
1960; Heydenreich, 1959; Joannidés and Protonotarios, 1965;Thiel, 1968). 
Terminology 
In this text I use "congenital retinal fold" and "ablatio falciformis congenita" 
as synonyms. In section 7.5 it will be explained that the anomaly is usually 
based on a late developmental disorder of the retinal vasculature, and that in 
most cases it is impossible to establish whether the changes developed shortly 
before or after birth. Although in the latter case the anomaly is not, strictly 
speaking, congenital, I nevertheless generally use the term congenital retinal 
fold because this is the generally accepted term for this condition. In my 
opinion, retinal folds which lack the characteristic features described by Weve 
and Mann, should not be referred to by the above terms even though the 
changes are already present at birth. 
7.2 Conditions which may be associated with congenital retinal fold 
Table 12 lists the conditions in which the features of congenital retinal fold 
can sometimes be found (in retrolental Fibroplasia it is of course beyond doubt 
that the symptoms are of postnatal origin). 
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Tabic 12. Conditions associated with a congenital (or neonatal) 
retinal fold. 
Dominant exudative vitreorctmopalhy 
Retrolental fibroplasia 
Incontinentia pigmenti (Bloch-Sulzberger syndrome) 
Nome's disease 
Reese-Blodi-Straatsma syndrome (including trisomy 13) 
Microcephaly; Hydrocephaly (congenital encephalo-ophthalmic 
dysplasia). 
Congenital toxoplasmosis 
Postenor persistent hyperplastic primary vitreous 
Meckel's syndrome 
The relationship between DEVR and congenital retinal fold has only re-
cently been studied (Van Nouhuys, 1981a) and will subsequently be discussed 
in detail. 
Incontinentia pigmenti, Norrie's disease, the Reese-Blodi-Straatsma syn-
drome and RLF are discussed in the relevant chapters. 
Persistent hyperplastic primary vitreous — a rather controversial cause of 
congenital retinal fold — is discussed in detail in Chapter 13. 
Congenital retinal fold in combination with microcephaly is discussed in 
section 7.4. 
Congenital retinal fold in association with Meckel's syndrome is a rarity. 
This syndrome, which is associated with severe systemic anomalies, is not 
within the scope of this study. 
7.3 Congenital retinal fold as a manifestation of DEVR 
A comparison between the often detailed descriptions of fundus features in 
cases of congenital retinal fold and the changes we found in several of our 
DEVR patients with a raised retinal fold from the disc to the peripheral fun-
dus, reveals the close similarity of these two conditions. 
When Criswick and Schepens (1969) introduced familial exudative vitreo-
retinopathy as a separate clinical entity, they already suggested a possible 
aetiological relationship between this condition and congenital retinal fold, 
Gow and Oliver (1971), however, maintained that idiopathic congenital retinal 
fold shows but little similarity to the features found in the DEVR family they 
studied. 
It seems to me that the prevalent uncertainty and confusion with regard to 
congenital retinal fold and its relationship to DEVR has two causes: 
1. congenital retinal fold is a descriptive term with multiple aetiological con-
notations; 
2. DEVR can manifest itself in widely diverse ways; owing to the relatively 
small number of cases so far described, few investigators have had occasion 
to familiarize themselves with the condition in its various forms. 
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I am firmly convinced that many of the cases of congenital retinal fold 
described in the literature represent manifestations of DEVR (Van Nouhuys, 
1981b). 
This conviction is supported by the following similarities between the fun-
dus features in many published cases of congenital retinal fold and those 
found in patients in the families we studied: 
Localization of the retinal fold in the inferior temporal quadrant has al-
ready been discussed. It is likely, however, that a falciform fold can in ex-
ceptional cases be found on the nasal side in DEVR also. I observed a nasal 
localization near the horizontal equator on fundus photographs of one eye 
of a patient who was very likely a member of a DEVR family. I was shown 
these photographs by Professor Bird at the Moorfields Eye Institute in 
London. 
Attachment of the peripheral end of the retinal fold to the ciliary body or 
the posterior lens capsule via white glious tissue. Most publications on con-
genital retinal fold describe a usually white tissue mass at the end of the 
retinal fold which, as in our DEVR patients, is often connected with the 
posterior lens capsule near the temporal equator of the lens (Chapter 4, 
Figure 105). 
Gross retinal pigmentations. Such pigment deposits have been very fre-
quently described in congenital retinal fold. As in our cases, these pigmen-
tations are usually localized in the attached part of the retina on either 
side of the insertion of the falciform fold (Chapter 3, Figure 76). 
Atrophy of the choroid. There are frequent reports on pale yellow areas in 
which large choroidal vessels are clearly visible as a result of atrophy of the 
choriocapillaris and possibly also of the pigmented layer of the retina. 
These descriptions tally with observations made in some of our cases. 
Sharply defined atrophic scars, through which the white sclera is clearly 
visible, are another observation made in both conditions. Such cicatrices 
have often been erroneously qualified as colobomas (Chapter 3, Figure 77). 
Aberrant retinal vascular pattern is a finding frequently mentioned in case 
reports on congenital retinal fold. Many authors express their surprise at 
the scantiness of retinal vessels in the attached parts of the neuroretina. On 
the other hand, mention is usually made of a substantial number of blood 
vessels which extend from the disc in anterior direction in the retinal fold, 
or at some distance from the disc extend from the fold into the attached 
part of the neuroretina. These findings are likewise consistent with our ob-
servations on falciform folds in DEVR (Chapter 3, Figure 77). 
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Apart from the fundus features, other characteristics of congenital retinal 
fold also correspond with findings obtained in DEVR: numerous patients 
with congenital retinal fold prove to show fundus changes in the contra-
lateral eye, or even to show bilateral ablatio falciformis. Apart from the pres-
ence of bilateral symptoms, familial occurrence is not a rarity; nor is the com-
bined presence of cases of ablatio falciformis and total retinal detachment 
(so-called pseudoglioma) in one family. 
Such familial cases of congenital retinal fold with localization in the in-
ferior temporal quadrant and often with bilateral fundus changes without a 
history of premature birth or neonatal oxygen administraion, and without 
systemic congenital anomalies, very likely represent manifestations of DEVR. 
Cases of congenital retinal fold which meet all the above criteria have been 
described by Hoffman (1926), Weve (1935, 1938), Theodore and Ziporkes 
(1940), Von Winning (1952), Scialdone and Artifoni (1962), Joannidés and 
Protonotarios (1965) and Ohba et al. (1981). 
In most of the abovementioned familial cases of congenital retinal fold, 
the mode of transmission could not be established with certainty. In the var-
ious families the condition was found in male as well as in female members; 
and this excludes X-chromosomal transmission. 
Autosomal dominant transmission, however, has only incidentally been 
demonstrated (Scialdone and Artifoni, 1962). In my opinion, this is no argu-
ment against the diagnosis of DEVR in these families. 
As demonstrated in most of our families with DEVR, gene expression is 
extremely variable. Should such families be examined solely by indirect oph-
thalmoscopy, then many (if not most) members with minimal symptoms 
Figure 126. Relation between congenital retinal fold and DEVR. 
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would not be identified, and the chance of demonstrating a distinct auto-
somal dominant pattern of transmission would be small. 
Most reports on congenital retinal fold, however, make no mention of 
examination of patients' relatives In view of the clinical symptoms described, 
however, it seems likely that a number of these sporadic cases are based on 
DEVR 
The relationship between DEVR and congenital retinal fold is schemati-
cally represented in Figure 126 the area within the small circle indicates cases 
of retinal fold, many of these cases involve DEVR (hatched part) This group 
represents only a small fraction of the total number of cases of DEVR The 
total area within the DEVR circle was therefore made substantially larger than 
that within the congenital retinal fold circle It is to be noted that the propor-
tional dimensions of the circles and the area of overlapping are based on a 
general impression of the incidence of these conditions, and were not produced 
on the basis of any epidemiological research. 
7.4 Congenital retinal fold and microcephaly 
Several reports on patients with bilateral congenital retinal fold mention the 
presence of microcephaly (Pfluger, 1885, Stubel, 1927, Von Pelláthy, 1931, 
Gartner, 1941, Mackensen, 1953, Masuda, 1962, Von Barsewisch, 1968, 
Warburg, 1976,Jarmaseta] , 1981) 
One female patient with this combination was known at our department, 
and I had occasion personally to examine her and her immediate relatives. Of 
the numerous ophthalmological, paediatnc and neurological examinations 
made in this case in the course of the years, only the more important results 
are presented below 
Case history IV-7 (16-12-65) 
History 
At the time of my examination this 15-year-old, mentally underendowed gjrl 
showed unmistakable microcephaly At the age of 1 year she had been referred 
to an ophthalmologist by a paediatrician who had noticed a convergent pos-
ition of the left eye Our department found horizontal nystagmus when the 
girl was 2 years old, as well as ablatio falciformis in the temporal fundus ODS. 
Correcting spectacles were prescribed in view of bilateral mixed astigmatism 
of about 6 diopters Since a serious visual handicap obviously existed, the 
patient was referred to a home for visually handicapped children 
There was a record of premature birth (birth weight 2300 g), but the neo-
nate had been in fair condition and no oxygen administration had taken place 
The pregnancy had been of normal duration (40 weeks) but had been com-
plicated by an ovarian cyst which assumed very large dimensions and had to 
be surgically removed soon after parturition 
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Figure 127. Pedigree of the family of patient IV-7 (16-12-65). 
The ophthalmological family history revealed nothing abnormal in the 
parents, but maternal relatives included several persons with unilateral visual 
loss. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: Cyl. - 6.0 axis 160° 4/60. 
VOS: S + 2.0/Cyl. - 6.0 axis 10° 1/60. 
Convergent strabismus OS; pronounced hori­
zontal nystagmus. 
ODS: Entirely normal cornea, iris and anterior 
chamber. No marked microphthalmia. Some 
opacities of the posterior lens capsule on the 
temporal side; lenses otherwise clear. 
ODS: Syneresis with optically empty lacunae 
and liquefaction. A fragile preretinal vitreous 
membrane in the temporal fundus periphery. 
OD: Marked deformation of the retinal vessels 
on the disc. A narrow, increasingly prominent 
retinal fold extends from the disc in inferior 
temporal direction to the extreme fundus peri­
phery, where it ends in a local mass of white 
glious tissue attached to the pars plana. The 
macula is not visible. Several vessels extend 
radially from the disc in the retinal fold (Figure 
128). The central segments of the nasal vascu-
lar branches are distorted in the direction of 
the fold. In the posterior pole, a number of 
retinal vessels are visible outside the fold, but 
they soon end in terminal ramifications, mostly 
in the superior nasal quadrant. The retinal mid-
periphery presents a whitish appearance and 
seems avascular. Nowhere are remnants of hya-
loid vessels seen. 
OS: As in OD, a falciform fold extends from 
the disc to the temporal fundus periphery, 
where it disappears near 3 o'clock in a white 
tissue mass attached to the lens equator and 
Figure 128. Falciform retinal fold extending from the disc to the inferior temporal quad-
rant of the fundus. 
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Figure 129. OS. Posterior pole. Falciform retinal fold extending from the disc in tem-
poral direction. The retina superior to the posterior pole is avascular. 
248 
the pars plana. The retina shows several gross 
pigmentations on either side of the fold. The 
pattern of the retinal vasculature closely re-
sembles that in the fundus OD: the vessels out-
side the fold again seem to end not far outside 
the posterior pole, leaving the major part of 
the retina avascular (Figure 129). 
General anomalies 
In view of the microcephaly and epileptic manifestations, the patient was sub-
mitted to extensive neurological and paediatric examinations at several differ-
ent ages. The cranial circumference was only 29 cm at birth, and always re-
mained far below the PIO curve on several subsequent occasions. Six café-au-
lait spots were found scattered over the body surface. Other changes which 
might be consistent with Von Recklinghausen's disease were not found. The 
girl showed unmistakable mental and motor retardation. General internal and 
laboratory studies revealed no anomalies. A chromosome study disclosed a 
normal female karyotype. 
Family study 
Contact lens examination of the fundus periphery in the mother (Ш-5) re­
vealed a few whitish areas anterior to the equator in both fundi, and a small 
defect in the temporal fundus OS. In view of this, fluorescein angiography of 
the peripheral fundus was carried out, which failed to demonstrate any dis­
tinct retinal vascular anomalies. The fundi of the father (III-4) proved to be 
normal. Ophthalmological examination of II-3, Ш-9 and III-10 revealed uni­
lateral high myopia without vascular anomalies in the retinal periphery. 
Summary and conclusions 
This mentally deficient girl combined a bilateral ablatio falciformis in the in­
ferior temporal quadrant with marked microcephaly. In view of the café-au-
lait spots on the skin and some orthodontic problems, the diagnosis incon-
tinentia pigmenti was considered; however, the neonatal history was not very 
suggestive of this condition. The hereditary unilateral high myopia found in 
several persons in the family study seemed to be totally unrelated to the con-
dition of this patient. 
Discussion 
As already pointed out, several publications have described the combination 
of congenital retinal fold and microcephaly. As in our case, nearly all patients 
described showed a bilateral falciform fold extending from the disc to the in-
ferior temporal quadrant of the fundus periphery. This similarity of clinical 
features of ocular anomalies in this group of microcephalic patients is sugges-
tive of a clinical entity. 
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Most instances of this syndrome were sporadic cases. The parents of the 
patients described by Gartner(1941) and Masuda (1962) were consanguineous, 
which might indicate autosomal recessive transmission. In our case, the possi-
bility of intra-uterine damage as a result of pregnancy complications in the 
mother is to be considered. Very recently, Jarmas et al. (1981) observed the 
combination of falciform retinal folds, microphthalmia and microcephaly in 
two brothers, whose mother was decidely microcephalic but showed no ocular 
anomalies. The mother of the girl described by Pfluger( 1885) likewise showed a 
degree of microcephaly without ocular anomalies. The observations of Jarmas 
et al. (1981) and Pflüger (1885) are compatible with autosomal dominant 
transmission with variable expression. However, there is as yet no certainty 
about the heredity of this condition. 
Incontinentia pigmenti and the Reese-Blodi-Straatsma syndrome are the 
principal possibilities in differential diagnosis. 
Incontinentia pigmenti (Bloch-Sulzberger syndrome) is characterized not 
only by anomalies of the eyes and the central nervous system but also by 
anomalies of the skin, teeth and nails — which of course are not necessarily 
all present in the individual patient (see also Chapter 9). Unlike incontinentia 
pigmenti, which is virtually limited to females, the combination of micro-
cephaly and falciform retinal fold has been found in both sexes. 
The syndrome described by Reese and Biodi (1950) and Reese and Straatsma 
(1958), which as a rule is probably based on trisomy 13, is characterized by 
malformations of organs other than only the eyes and the central nervous 
system, and thus differs from the above discussed syndrome. 
RLF-like ocular anomalies in combination with congenital cranial changes 
such as hydrocephalus and microcephaly have been described by Krause 
(1946), and subsequently by others. This combination of ocular and cranial 
anomalies is interpreted by some investigators as "congenital encephalo-
ophthalmic dysplasia", and is discussed in Chapter 9. The ocular anomalies of 
this syndrome are in my opinion based on a primary developmental disorder 
of the retinal vasculature (Chapter 9). 
The next section of this chapter discusses the pathogenesis of congenital 
retinal fold. The formation of a falciform retinal fold in microcephaly as well 
as in several other conditions, is probably a result of disturbed foetal develop-
ment of retinal vessels. It is therefore highly likely that the syndrome charac-
terized by microcephaly and congenital retinal fold has the same pathogenesis 
as congenital encephalo-ophthalmic dysplasia, and can be regarded as a specific 
manifestation of the latter. 
In view of the clinical features of the above described case of microcephaly 
combined with bilateral congenital retinal folds, I have included this patient's 
history in this chapter rather than in Chapter 9, section 4. 
Falciform retinal fold has been observed also in patients with hydro-
cephalus (Warburg, 1978). In these cases, too, the pathogenesis of the ocular 
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anomalies seems identical to that of other manifestations of "congenital 
encephalo-ophthalmic dysplasia" (Chapter 9, section 4). 
15 Pathogenesis of congenital retinal fold 
Several hypotheses have been advanced regarding the pathogenesis of con-
genital retinal fold. Pflüger (1885), who described bilateral falciform retinal 
folds in the inferior temporal quadrant of the fundus in a girl with some 
degree of microcephaly, ascribed these changes to contraction of cicatricial 
tissue in the vicinity of a coloboma. The atypical localization of the structures 
he described as coloboma could, he believed, be explained by some rotation 
of the eyeball in the course of foetal development. 
The view that a falciform retinal fold might result from persistence of 
hyaloid vessels is not of recent date either. Sulzer (1888) already thought that 
the anomaly found in his patient was based on a developmental anomaly of 
the foetal vascular system of vitreous and retina. He based this view on the 
presence of a few structures on the posterior side of the lens, which he re-
garded as remnants of the lens capsule. 
The most widely known hypothesis on the pathogenesis of congenital ret-
inal fold is that advanced by Mann (1935). She held that the anomaly is a 
result of an abnormal "adhesion of the primary vitreous and its contents to 
one portion of the inner layer of the optic cup". The secondary vitreous 
which forms between these two structures later in the course of development, 
is absent at the site of the abnormal adhesion of the primary vitreous to the 
inner layer of the optic cup. Due to the production of secondary vitreous, the 
two structures are displaced near the site of the adhesion, the "inner layer of 
the optic cup being detached and raised up in a ridge, and the contents of the 
primary vitreous becoming displaced from the optic axis towards the side of 
the adhesion". This theory was based mainly on the observation (made by 
Mann and a few other investigators) of vascularized tissue attached to the 
neuroretina at the site of the "ridge of the fold". This tissue was believed to 
originate from the primary vitreous and the hyaloid vessels, and to have raised 
the neuroretina from its pigmented layer at the site of the adhesion. 
Another microscopical observation which supported Mann's theory that a 
congenital retinal fold is formed early in the course of foetal development, 
was the presence of atypical rosettes and signs of hypoplasia in the neuro-
retina at the site of the falciform fold. Mann maintained that these changes 
were to be expected because the fold was probably formed before retinal 
differentiation was far advanced. 
As early as 1902, Salffner described his histopathological findings in an 
eye with a congenital retinal fold. This author, too, found a tissue strand 
connected with the apex of the retinal duplicature, in which he found blood 
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vessels which he regarded as hyaloid vessels. The tissue strand, however, con-
sisted mainly of (ectodermal) glia cells which, he thought, originated mainly 
from the optic nerve and had grown in anterior direction along the hyaloid 
artery. 
So far, the view that the formation of a congenital retinal fold is a result of 
or related to a disturbance in the development of the primary vitreous has 
been fairly generally accepted. Some authors even go so far as to regard the 
congenital retinal fold as synonymous with "posterior persistent hyperplastic 
primary vitreous" (Michaelson, 1965; Pruett and Schepens, 1970; Pruett, 
1975). 
Badtke (1954, 1960) pointed out that in several cases of congenital retinal 
fold it was impossible to find remnants of hyaloidal vessels or other elements 
of the primary vitreous. Persistence of these structures can therefore not be 
regarded as of primary significance in the formation of a falciform retinal fold. 
In Badtke's opinion, and that of Palich-Szántó (1954), the disorder affects 
the development of the ectodermal optic cup in the region of the foetal 
ocular fissure. Like the previously discussed theories, this hypothesis postu-
lates that a congenital retinal fold is a disturbance which occurs early in the 
course of foetal development. 
In my opinion, there are clear indications that, in most cases, a congenital 
retinal fold results from a disturbance which occurs during the final months 
of intra-uterine development and that in fact the complete picture of the ano-
maly does not develop untñ after birth. Before discussing the pathogenesis as 
I envisage it, it should be pointed out that (as already mentioned previously) 
a congenital retinal fold is decidedly not a clinical entity. It is therefore 
possible that a pathogenesis other than the one I envisage may be involved in 
some cases (see also the final subsection of this chapter). 
An important argument against the postulate that congenital retinal folds 
are usually a result of a developmental disorder (more specifically: persistence) 
of the primary vitreous lies in the fact that in many cases there are no dis-
cernible hyaloid remnants. This fact has been established, not only by Badtke 
(1954) but also by Weve (1935) and Joannidés and Protonotarios (1965) in 
clinical observations, and by Ancona (1935) and Tillema (1937) in histo-
pathological studies. Our DEVR patients with clinical symptoms of a congeni-
tal retinal fold, likewise showed no remnants of hyaloidal vessels or other ele-
ments of the primary vitreous. In several cases, however, I did find one or 
several blood vessels localized very superficially near the ridge of the fold, and 
more or less parallel to it. Both at ophthalmoscopy and at histological exam-
ination, such blood vessels are only too easily confused with persistent hya-
loidal vessels. The fact that, in the fold, the retinal vessels continue to the 
posterior side of the lens further increases the confusion. 
A persistent hyaloid artery is nearly always connected with the posterior 
pole of the lens or a point slightly nasal to it. In this respect it differs from 
retinal vessels in the falciform fold, which are usually connected with the 
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posterior lens capsule in the inferior temporal quadrant near the equator of 
the lens. 
That a congenital retinal fold can also develop after birth is demonstrated 
by observations on this anomaly in retrolental fibroplasia. Many publications 
on RLF describe this manifestation (Owens, 1955; Tasman, 1970). It is evi-
dent that persistence of the primary vitreous is of no significance in the patho-
genesis of RLF, as several investigators (Terry, 1942; Reese, 1949) used to 
believe. 
Undoubtedly, some published instances of congenital retinal fold can be 
ascribed to RLF. For example, probably, the patient described by Van Wien 
and Sullivan (1955). Weve (1953), too, was convinced — years after his first 
publications — that RLF was the cause of the anomalies found in some of the 
patients he described. 
The formation of a falciform retinal fold in RLF is regarded as a result of 
local proliferations of fibrovascular tissue and contraction of these structures 
to a local mass of cicatricial tissue. It is not difficult to envisage that this tissue 
often constitutes a connection with the posterior lens capsule, for neovascular-
izations often grow from the retinal periphery in anterior direction, extending 
into the vitreous space where they establish contact with the posterior side 
of the lens (Kingham, 1977). The predilection of local masses of cicatricial 
tissue and of the falciform fold caused by these structures for the inferior 
temporal quadrant, corresponds with the predilection of neovascularizations 
for this part of the fundus. This pathogenesis is schematically represented in 
Figure 130. 
To my mind it is certain that the pathogenesis of congenital retinal folds in 
DEVR is the same as that of these folds in RLF. Both conditions are charac-
terized by disturbed vascularization of the peripheral retina, manifested es-
pecially in the inferior temporal quadrant of the fundus. In both conditions, 
secondary neovascularizations can occur in this part of the retina. The white 
tissue masses observed at the peripheral end of the raised radial folds in all 
our DEVR patients undoubtedly originate from neovascularizations and, in 
my opinion, cannot possibly be regarded as remnants of embryonic tissue, as 
Dudgeon (1980) postulates. The period of development of a falciform fold is 
less readily determinable in DEVR than in RLF, where of course the changes 
always develop postnatally. It is evident that, in DEVR, the anomaly cannot 
occur before the final two months of intra-uterine development, because it is 
only at about this time that the primary developmental disorder of the peri-
pheral retinal vasculature occurs. 
It is certainly possible that the secondary neovascularizations and the con-
traction of fibrovascular tissue do not lead to the formation of a radial fold 
until after a few months, and that consequently the clinical features of 
congenital retinal fold are not observed until some time after birth in DEVR. 
That the anomaly can be observed shortly after birth is demonstrated by the 
finding of a congenital retinal fold in OS of IV-1 F at the age of one month. 
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Congenital retinal folds which result from DEVR (whether or not it is 
diagnosed as such) therefore have a late foetal or even, possibly, a neonatal 
pathogenesis. The adjective "congenital" is therefore possibly wrong in some 
cases. 
Falciform retinal folds have been observed shortly after birth, not only in 
DEVR and RLF but also in incontinentia pigmenti (Bloch-Sulzberger syn-
drome). Reports have been pubhshed by Findlay (1952), Grüneberg (1955) 
and Fried and Meyer-Schwickerath (1980). I agree with Best and Rensch 
(1974) that there are no clear indications of a role of anomalies in the devel-
opment of the hyaloid system in the pathogenesis of this condition, as some 
investigators maintain. 
For a more detailed description of the manifestations of this condition I 
refer to Chapter 9. At this time it is sufficient to point out that the primary 
lesion of the ocular fundus would seem to be occlusion and probably also 
disturbed development of the peripheral retinal vessels which, as in DEVR 
Figure 130. Pathogenesis of a falciform retinal fold. Neovascularizations develop in the 
temporal retinal periphery (a) and extend anteriorly into the vitreous space as far as the 
posterior side of the lens (b). Contraction of fibrovascular tissue causes formation of a 
retinal fold (c). 
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and RLF, leads to non-perfusion of the temporal retinal periphery at a neo-
natal age. 
I am therefore convinced that the pathogenesis of a falciform retinal fold 
in incontinentia pigmenti is mainly a result of secondary retinal neovascular-
izations, as in DEVR and RLF, and likewise occurs only during or after the 
phase of development of peripheral retinal vessels. The fact that the acute 
phase of incontinentia pigmenti is usually observed within a few days of birth 
or, in the case of congenital symptoms, has probably occurred shortly before 
birth, is entirely consistent with the abovementioned hypothesis. 
Like patients with DEVR, RLF and incontinentia pigmenti, our female 
patient with bilateral falciform retinal folds and microcephaly showed no evi-
dence of a disturbance in early embryonic development, nor any discernible 
remnants of persistent hyaloidal vessels. The incomplete vascularization of 
the retina outside the posterior pole in both eyes demonstrated that — in this 
case, too — disturbed vascularization had led to the retinal deformation. The 
identical fundus features with bilateral retinal folds in the inferior temporal 
quadrant which Pflüger (1885), Stiibel (1927), Gartner (1941) and Von 
Barsewisch (1968) described in microcephalic patients, suggest an identical 
pathogenesis. 
I would summarize my conclusions from the above observations as follows: 
a falciform retinal fold of the type found in DEVR, incontinentia pigmenti, 
and also in combination with microcephaly, is the result of a disorder of the 
peripheral retinal vascularization which occurs late in the course of develop-
ment, and its pathogenesis is similar to that of the falciform retinal fold 
found in RLF. 
In all these conditions, total retinal detachment with massive organizations 
throughout the vitreous space can develop at an early age if the vascular pro-
liferation is more severe. Such manifestations have been described in the liter-
ature, usually as "pseudoglioma". 
There are also reports on several not exactly diagnosed cases of the com-
bination of falciform retinal fold and total retinal detachment with vitreous 
organizations, either in a single patient (Weve, 1935;Otuki, 1939; Poulsen, 
1947; Von Winning, 1952; Heydenreich, 1959) or in several members of the 
same family (Weve, 1935; Babel, 1966). 
Norrie's disease (see also Chapter 9) is manifested in the vast majority of 
cases by congenital or immediately postnatal leucocoria as a result of total 
retinal detachment (Warburg, 1966). Falciform retinal folds have been ob-
served in a few cases of this condition (Jacklin, 1980). 
Although the pathogenesis of Norrie's disease is still uncertain, the histo-
pathological findings obtained in this condition would certainly seem to be 
compatible with a proliferative retinopathy secondary to disturbed retinal 
vascularization. Fluorescein-angiographic findings recently obtained in a neo-
nate (Fujita et al., 1980) support this postulate. Although it is yet to be 
proven, it seems plausible that the falciform retinal fold (and of course also 
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the much more frequently observed total retinal detachment) in Norrie's 
disease — as in the other conditions discussed above — results from neovascu-
larizations which occur late in the course of development. 
The Japanese investigator Nishimura (1980) recently pointed out the ab-
sence of peripheral retinal vasculature in a number of patients with falciform 
retinal folds who had been born at term. The author described these cases as 
"retinopathy of prematurity in term infants". I would attach paramount im-
portance to examination of relatives of such patients, because the manifes-
tations described are strongly suggestive of DEVR. 
7.S.a. Early versus late hypothesis 
It has been attempted above to demonstrate that a falciform retinal fold is a 
complication to be found in several conditions, usually as a result of late 
foetal or even neonatal developmental disorders. 
The question arises whether — apart from the pathogenesis outlined above — 
there are cases which involve an early developmental disorder, as assumed by 
Mann and other authors. Remnants of the hyaloid system and other primary 
vitreous elements have been ophthalmoscopically observed near the falciform 
fold in many cases. The ascription of preretinal membranes and superficially 
localized blood vessels in the fold to elements of the hyaloid system on the 
basis of a clinical observation seems rather questionable. In most cases a histo-
logical diagnosis cannot be made, because enucleation of eyes with a falciform 
retinal fold is fortunately a rare procedure nowadays. 
For a critical review of the literature on congenital retinal fold as a mani-
festation of so-called posterior persistent hyperplastic primary vitreous 
(PHPV) I refer to section 13.1. 
Finally, the postulate that a falciform retinal fold results from an anomaly 
in the region of the embryonic ocular fissure (Pflüger, 1885; Badtke, 1954, 
1960; Palich-Szántó, 1954) strikes me as hardly acceptable, because it is 
extremely rare to find the anomaly in the area where the embyronic optic 
cup closes, i.e. the inferior aspect of the eyeball, or even in the sector local-
ized slightly nasal to it. Reports on well-documented cases of falciform retinal 
fold in this region are rare (Eisenberg, 1948). 
7.5.b Additional pathogenic mechanisms 
In the discussion of the presumably late pathogenesis of falciform retinal 
folds, local neovascularizations arising from retinal vessels in the peripheral 
fundus were regarded as the primary cause of the lesion. It is highly unlikely 
that these proliferations (and local vitreous haemorrhages from these vessels, 
as observed in the active phase of RLF: King, 1950; Foos, 1975) are the prin-
cipal basis of the cicatricial tissue found at the peripheral end of a falciform 
retinal fold. However, it cannot be excluded that the stimulus to form cica-
tricial tissue can also arise from other peripheral structures, e.g. the avascular 
retinal periphery, as Flynn et al. (1979) assumed to be the case in RLF. 
That simple traction exerted by peripheral cicatricial tissue does not seem 
to be the only prerequisite for falciform fold formation, is apparent from the 
fact that proliferative retinopathies which develop later than the neonatal age 
— e.g. diabetic retinopathy, sickle cell retinopathy, Eales' disease, etc. — never 
show the features of a typical falciform fold. Retinal folds of the type pre-
viously described in some of our DEVR patients are never found in the above 
conditions, even though these are not infrequently accompanied by local 
fibrovascular proliferations in the fundus periphery. The odd pattern of the 
retinal vessels in the posterior pole in eyes with a congenital retinal fold is 
wellknown. Most clinical studies on this condition mentioned the peculiar 
accumulation of parallel vascular branches in the attached parts of the neuro-
retina. This phenomenon can only be explained by marked temporal displace-
ment of retinal vessels and their rotation on their point of fixation at the site 
of the disc. 
In Chapter 5 I have advanced a hypothesis to explain this phenomenon of 
displacement of retinal vessels in DEVR. According to this hypothesis, an 
aberrant configuration of retinal vessels in DEVR does not result exclusively 
from traction exerted by secondary preretinal vitreous organization, but some 
deformation of the vascular bed occurs in direct response to the vascular de-
velopment per se. 
The resulting deformation of retinal vessels is illustrated in Figure 121 of 
Chapter 5, which shows temporal displacement of all retinal vessels and ro-
tation of the superior branches of the central artery and vein in a direction 
opposed to the rotation of the inferior branches of these vessels. The super-
ficial retinal layers are deformed due to displacement from two different 
directions towards one meridian: the horizontal meridian or the one slightly 
inferior to it. It is quite conceivable that, as a result, the neuroretina at this 
site tends to detach itself from the pigmented layer in a radial fold. Whether 
this displacement of retinal vessels and inner retinal layers as a result of the 
mechanism postulated is as such able to create the duplicature, remains un-
certain. 
The fact that falciform retinal folds are generally found only in severe 
forms of RLF and DEVR, in which signs of old fibrovascular proliferations 
are present, suggests that this is not the case. The mechanism outlined above 
can only be assigned an additional role in the pathogenesis of a congenital 
retinal fold. 
7.5.C Unilateral congenital retinal fold of obscure pathogenesis 
The patient whose case history follows, showed the features of unilateral 
congenital retinal fold. Unlike previously described patients, this boy showed 
no evidence of a developmental disorder of the retinal vasculature. 
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Figure 131 Pedigree of the family of patient 11-4 (11-05-73) 
Case history of patient II-4 (11-05- 73) (Figure 131) 
History 
This boy was referred to our department at age 3 with a recently detected di­
vergent position of OD He had been born as one of a pair of apparently not 
identical twins. Pregnancy and parturition had been uneventful. The boy's 
birth weight was 2500 g His postnatal condition was good. He was placed in 
an incubator for a few days but received hardly any oxygen. His twin brother 
(II-5) was m moderate condition and remained in the incubator for a few 
weeks. No ocular or visual complaints m members of the boy's family. 
Ophthlamological examination (age 3) 
VOD 1/60 
VOS 0.6, uncorrected. 
Divergent strabismus OD, no nystagmus. 
OD 14 mm Hg. 
OS 15 mmHg. 
ODS Normal. 
OD Minute particles, normal structure. 
OS Normal. 
OD A whitish, somewhat transparent tissue 
strand extends from the disc to the inferior 
temporal sector Immediate inferior and 
temporal to the disc, this strand seems con­
nected with a raised fold of the neuroretina. 
About three disc diameters away from the 
disc, there is a distinct swelling in the retinal 
fold, which at this site shows a sinking yellow 
colour. This colour and the localization near 
the centre of the posterior pole suggest that 
the yellow spot is included in the retinal fold. 
Visual acuity 
Eye position 
Intraocular pressure 
Anterior segments 
Vitreous 
Fundi 
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Outside the posterior pole the radial fold de-
taches from the retina and continues as a pre-
retinal tissue strand to the extreme fundus 
periphery, where it attaches with a wide, not 
very prominent plaque of white glious tissue. 
OS: Entirely normal posterior pole and peri-
phery. 
Fluorescein angiogram OD: The early phase of the disc shows more 
or less normal filling of the central retinal art-
ery, although this is slightly deformed in the 
direction of the fold. The superior temporal 
artery extends in the upper margin of the ret-
inal fold over a small distance, but slightly 
temporal to the disc enters the attached part 
of the retina, where it ramifies. Immediately 
superior to the fold, near the disc, the retinal 
pigment epithelium shows a fair-sized atrophic 
scar. The venous phase clearly reveals retinal 
vessels in the falciform fold immediately tem-
poral and inferior to the posterior pole; the 
fold is wrinkled at this site (Figure 132). The 
late phase shows diffuse hyperfluorescence of 
the entire retinal fold with leakage into the 
vitreous (Figure 133). No remnants of hyaloid 
vessels are visible anywhere. The vascular-
ization of the peripheral retina outside the 
fold is normally developed throughout. 
Figure 132. OD. Stereoscopic fluorescein angiogram of the posterior pole. Several retinal 
blood vessels aie visible in the falciform fold. 
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Family study 
The mother (1-2) and a sister (II-2) showed no fundus changes in mydriasis. 
The other members of the family could not be examined. 
Laboratory findings 
Toxoplasmosis Negative immunofluorescence; negative com-
plement fixation test. 
Toxocara Negative complement fixation test. 
Ascaris Negative complement fixation test. 
Course 
At age 8, visual acuity is unchanged after correction of slight myopia. The 
features of the media and fundi are likewise unchanged. 
Summary and conclusions 
The fundus anomaly described above evidently has the character of a congeni-
tal retinal fold, as the presence of retinal blood vessels in the fold demon-
strates. However, there are a few differences from the retinal folds normally 
observed in DEVR and RLF: the fold does not as such completely traverse 
the fundus periphery, but outside the posterior pole continues as a tissue 
strand, extending to the pars plana. Another difference is the absence of 
symptoms indicating disturbed development of the retinal peripheral vascula-
ture. Moreover, the features of the central part of the fold differ slightly from 
those observed in most cases of congenital retinal fold. The unusual swelling 
near the centre of the posterior pole was not observed in my other cases, nor 
is it mentioned in the literature. 
Figure 133. Stereoscopic fluorescein angiogram. Late phase shows hyperfluorescence of 
the fold near the disc. 
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The question may arise whether the pathogenesis of the falciform fold in 
this case might be consistent with one of the classical hypotheses, e.g. that 
advanced by Mann (1935) or by Badtke (1960). The localization of the lesion, 
however, is not suggestive of a developmental disorder in the region of the 
embryonic ocular fissure. The presence of a preretinal tissue strand in the 
fundus periphery might be interpreted as indicating a remnant of the primary 
vitreous; however, the absence of hyaloid vessels renders this interpretation 
speculative. 
It seems better to admit my inability to reconstruct the pathogenesis of 
the anomaly in this patient. The principal conclusion to be drawn from the 
findings obtained is that not every (congenital) retinal fold results from a late 
embyronic developmental disorder of the retinal vasculature, but that the 
anomaly can in some cases have a different cause. 
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CHAPTER 8 
RETROLENTAL FIBROPLASIA 
Retrolental fibroplasia is a condition based on a lesion of the developing reti-
nal vascular system caused by neonatal oxygen administration to prematurely 
bom infants. The symptoms of this condition were first described by Terry in 
1942, but it was not until 1951 that oxygen administration was identified as 
the cause of these symptoms (Campbell, 1951). Controlled studies (Patzet al., 
1952; Kinsey and Hemphill, 1955; Kinsey, 1956) confirmed the hypothesis 
that oxygen administration played an important role in the pathogenesis of 
RLF. 
8.1 Clinical symptoms 
8. La A ctive retrolental fibroplasia 
The retinal vascular lesions which develop in response to neonatal oxygen ad-
ministration, are qualified as acute or active RLF. Involution of these vascular 
changes usually occurs after a few months, and this is associated with fibrosis 
or the development of other residual symptoms. From this phase on, the term 
cicatricial RLF applies. 
Classification of active RLF in various stages has been suggested by several 
authors (Reese et al., 1953; Schaffer et al., 1979). 
The most pronounced symptoms of active RLF are usually found in the 
temporal fundus periphery which, as already explained, is the last part of the 
retina to be vascularized in normal embyronic development. The presence of a 
rather pale avascular retina peripheral to the temporal equator in a premature 
infant, therefore, does not indicate the presence of slight RLF but is an ex-
pression of the incomplete vascularization which is physiological in such 
children. In my opinion this feature of the peripheral retina in premature in-
fants is often erroneously regarded as a symptom of RLF. 
The transition from vascular to avascular retina is rather abrupt in pre-
mature infants who have received no oxygen administration. An early symp-
tom of active RLF, however, is the development at the site of this transition 
of a slightly raised, pale structure in which abnormally dilatated arterioles and 
veins terminate on the central side (Flynn et al., 1977; Flynn et al., 1979). 
The fluorescein angiogram of this area shows filling of this transitional struc-
ture between vascular and avascular retina, but fails to visualize a vascular 
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pattern. The late phase discloses marked leakage from this structure. Flynn et 
al. (1977, 1979) described this structure as an arteriovenous shunt or mesen-
chymal shunt. In this stage, the large retinal vessels in the posterior pole often 
show some dilatation and tortuosity. In a more advanced stage of RLF, neo-
vascularizations arise from the retinal vessels posterior to the mesenchymal 
shunt and enter the vitreous space through the internal limiting membrane. In 
other cases the neovascularizations arise from the mesenchymal shunt itself 
(Kingham, 1977). Intraretinal haemorrhages are not rare in this stage, and 
sometimes haemorrhages in the vitreous space are observed. In severe cases 
the peripheral neovascularizations grow deep into the vitreous space. They 
often also grow anteriorly until they touch the posterior lens capsule. 
Any RLF associated with extraretinal neovascularizations entails a risk of 
total or partial tractional retinal detachment. 
Figure 134. OS. Fluorescein angiogram of the temporal fundus periphery in a patient 
with RLF. The venous vascular ramifications of the retina have not yet filled. The retinal 
vasculature terminates immediately anterior to the equator (arrows). 
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S.l.b Cicatricial retrolen tal fibroplasia 
The changes which persist after the acute phase are collectively known as 
cicatricial RLF. As for active RLF, systems have been advanced to classify 
cicatricial RLF according to severity (Reese et al., 1953; McCormick, 1977; 
Patz, 1975; Schaffer et al., 1979). In mild cases of cicatricial RLF, retinal pig-
mentations are found, as a rule in the temporal fundus periphery. Moreover, 
thin veils are sometimes visible in the vitreous space, as a rule localized pre-
retinally in the temporal periphery. 
Surprisingly, none of the classifications of cicatricial RLF makes mention 
of the absence of retinal vessels in the temporal fundus periphery, although 
this is readily visible at slit-lamp biomicroscopy or fluorescein angiography 
(Figure 134). This incomplete vascularization of the peripheral fundus is a 
basic characteristic of RLF, and one that is rarely absent. Moderate or high 
myopia is not uncommon in RLF (Hittner et al., 1978), and is often associated 
with atrophic lesions of the choroid and pigmented layer in the posterior pole 
(Figure 135). 
In many cases there is a significant difference in refraction between the 
two eyes, which can lead to amblyopia. Another phenomenon often observed 
even in mild cases of RLF is the wide positive kappa angle associated with a 
pseudo-divergent eye position. This is caused by temporal or inferior temporal 
ectopia of the macula, accompanied by some deformation of the retinal vessels 
in the posterior pole (Figure 136). 
Figure 135. The posterior pole of the same eye as in Figure 134 shows extensive atrophie-
changes of the choroid and pigment epithelium. 
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Figure 136. Abnormal vascular configuration and ectopia of the macula in cicatricial 
RLF. The features are identical to those of DEVR. 
Figure 137. A) OD. Preretinal vitreous organizations near the inferior temporal vessels. 
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More severe cases of cicatricial RLF are characterized by fibrovascular pro-
liferations, usually localized anterior to the temporal fundus periphery. Con-
traction of this fibrotic tissue has often led to traction on the retina in tem-
poral direction. 
A wellknown complication is a falciform retinal fold, which in RLF usually 
extends from the disc through the centre of the posterior pole to the tem-
poral fundus periphery, where it is usually connected with the posterior lens 
capsule via cicatricial tissue (Reese and Stepanik, 1954). 
In some cases traction has given rise to a peripheral retinal detachment 
which can be fairly stable. An eye thus affected can have fair visual acuity as 
long as no duplicature has formed in the posterior pole. 
In severe cases of cicatricial RLF, significant organizations of glial tissues 
can occur in the posterior cortex of the vitreous, with strong adhesions to the 
Figure 137. B) Fluorescein angiogram of the same area. Abnormal structure of the 
capillary network, broadened periarterial capillary-free zones and constriction of the 
arterioles near their origin at the inferior temporal artery. 
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retina, both in the periphery and in the posterior pole (Figure 137A). The 
fluorescein angiogram of such structures shows that they are often avascular, 
and need not originate from retinal vascular proliferations (Figure 137B). 
Another interesting angiographic feature in cicatricial RLF is likewise 
demonstrated in Figure 137B: significant broadening of the periarterial 
capillary-free zone and apparent stenosis of the smaller ramifications of the 
temporal artery, especially near their origin. Few clinical studies on RLF have 
so far mentioned this phenomenon, and further investigation would seem to 
be desirable. 
Anomalies of the anterior segment are not uncommon (Cohen et al., 1964; 
Hittner et al., 1979). In many cases there is a shallow, sometimes even a col-
lapsed anterior chamber which can lead to glaucoma as a result of occlusion 
of the iridocorneal angle. A less common finding is an abnormally deep an-
terior chamber (Cohen et al., 1964). The iris often shows synechiae and loss 
of stroma, so that the pupil is of irregular shape. Varying degrees of lens 
opacity are likewise not uncommon. Band keratopathy develops in severe 
cases. In very severe cases of RLF there is marked fibrovascular organization 
in all quadrants of the vitreous space, leading to total retinal detachment. 
Hypotonia and shrinking of the eyeball is often seen in such terminal stages. 
Exudative and rhegmatogenous retinal detachment are among the late 
complications of cicatricial RLF. The latter type is more common than the 
former, and usually develops as a result of small multiple defects in the peri-
pheral retina. Due to their small dimensions and peripheral localization, and 
because of the often present preretinal vitreous opacities, it is often very 
difficult to detect such defects (Tasman, 1975). As in the case of DEVR, these 
defects are usually localized in the temporal periphery (Tasman, 1970). 
A less common phenomenon is retinal detachment as a result of accumu-
lation of subretinal exudates (Tasman, 1976). In most cases, such exudates 
form in or temporal to the posterior pole and cause retinal detachment which 
it is difficult to treat by operation. 
8.2 Histology 
Several investigators have studied the histopathological lesions of RLF in the 
acute phase in premature neonates given oxygen (Friedenwald et al., 1951; 
Reese et al., 1952; Foos, 1975;Kushner et al., 1977). 
The earliest light-microscopic changes occur in the inner layers of the 
neuroretina at the site of the most peripheral zone, where primitive vessels 
develop centrifugally. This zone, which on the central side merges into newly 
formed primitive capillaries and on the peripheral side is adjacent to the not 
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yet vascularized part of the retina, consists of conglomerates of mesenchymal 
cells with PAS-positive inclusions in the cytoplasm, localized in the most 
superficial layers of the neuroretina. 
In response to neonatal oxygen administration, abnormal proliferations of 
these mesenchymal cells develop which cause thickening of the retina. Trans-
verse sections through the retina reveal irregular vascular canals, mostly local-
ized on the central side of the conglomerates of mesenchymal cells. These 
microscopic structures correspond with the structure interpreted ophthalm-
oscopically and fluorographically as arteriovenous shunt and, in view of the 
cell type involved, are also known as mesenchymal shunt (Flynn et al., 1977; 
Kushner et al., 1977). In trypsin-digest specimens, the retinal vascular bed 
posterior to this shunt shows peculiar dilatations and small outpouchings of 
some capillaries (Kushner et al., 1977), which can also be observed on some 
fluorescein angiograms of active RLF. 
In a subsequent stage of RLF, the microscopic specimen is found to contain 
primitive capillaries which, from the posterior aspect of the mesenchymal 
tissue of the arteriovenous shunt in the retina, invade the vitreous (Foos, 
1975). These vessels are made up of endothelial cells, a few intramural peri-
cytes, and a delicate basement membrane (Foos, 1975). Specimens of eyes 
with advanced severe RLF usually show funnel-shaped retinal detachment, 
with a large plaque of fibrovascular tissue forming the connection with the 
posterior lens capsule. The detached neuroretina often shows pseudorosettes 
(Klein, 1949). 
8.3 The influence of oxygen on the development of the immature retinal 
vasculature 
Experimental studies 
The influence of administration of increased oxygen concentrations to neo-
nates has been studied in many animal species. The retinal vasculature in 
several mammals is incompletely developed at (normal) birth and develops to 
its adult configuration during the neonatal period. Experiments have shown 
that such immature vascular systems are very sensitive to administration of in-
creased oxygen concentrations. In full-term neonates of such animals, the 
toxic effect of oxygen on the retina can be successfully studied. 
Ashton's experiments have been of great importance for our knowledge of 
the pathogenesis of RLF. Oxygen administration to newborn kittens leads 
within about 6 hours to occlusion of the immature capillaries, soon followed 
by degenerative changes in the cytoplasm of the endothelial cells of these 
capillaries (Ashton and Pedler, 1961). 
The pathogenesis of this early effect of oxygen still remains partly obscure. 
Vacuoles form in the endothelial cells, and these cells disintegrate soon after, 
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so that the already stenosed lumen of the affected capillaries is filled with 
remnants of cellular material. Similar light-microscopic or electron-microscopic 
changes suggestive of primary damage caused by oxygen cannot be found 
either in other vessels of newborn kittens or in other neuroretinal cells. 
However, Uemura et al. (1977) were able to demonstrate toxic degeneration 
of the outer segments of the receptor cells in addition to oxygen damage of 
endothelial cells in newborn rabbits, which made a rapid recovery after return 
to a normal atmosphere. Oxygen damage of immature retinal capillaries, as 
found in cats and other test animals, is not confined to the endothelial cells. 
Pericytes of this part of the vascular bed likewise disintegrate, often leaving 
only a tubular basement membrane structure with or without remnants of de-
generated cells, which sometimes provoke a macrophage reaction (Ashton, 
1970). Return of the kittens to a normal atmosphere is followed by a phase 
of proliferation of endothelial cells, which form vascular buds that grow into 
the vitreous through the internal limiting membrane. In this phase, Ashton 
(1970) also observed another electron-microscopic phenomenon: the Müller 
cells in the innermost layers of the neuroretina form buds which'protrude 
into the vitreous space but remain covered by the internal limiting membrane. 
After return of the kittens to a normal atmosphere, the retinal capillaries 
whose endothelial cells have not been totally destroyed by oxygen show 
bizarre proUferations of endothelial cells, sometimes forming several layers 
of these cells in the vascular wall (Patz, 1965). 
Some endothelial cells still show swelling of mitochondria with loss of 
mitochondrial crests and vacuoles of the cytoplasm 14 days after termination 
of the hyperoxia (Patz, 1965). 
The response of various mammals to neonatal oxygen administraion can 
vary widely: in mice, which at birth have a poorly developed retinal vascular 
system and still show an extensive network of hyaloid vessels, oxygen admin-
istration can induce marked proliferation of the hyaloid vessels and neovas-
cularizations on the iris (Gyllenstein and Hellstrom, 1955; Patz, 1965). 
To which extent the vascular lesions of human RLF are caused by diffusion 
of oxygen from the choroid, cannot be established with certainty at this time. 
It may well be that the supply of oxygen from the choriocapillaries plays a 
more important role in the pathogenesis of RLF than the supply of oxygen 
by the retinal arterioles because the latter, unlike the former, show significant 
constriction during hyperoxia. The effect of artificial retinal detachment on 
the oxygen damage to immature retinal vessels has demonstrated the influence 
of oxygen diffusion from the choriocapillaries in animal experiments (Ashton 
and Cook, 1955). 
8.4 Treatment 
Coagulation treatment of RLF is still a rather controversial subject. Some 
authors, particularly in Japan, are fairly optimistic about the therapeutic 
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results of early coagulation. Good results of photocoagulation have been re-
ported in premature infants with active RLF (grade III according to Owens) 
by Nagata et al. (1972),Tanabe and Ikema(1972)andNishimuraetal.(1975). 
Some Western investigators have also reported a few instances of a favourable 
response of active RLF to cryocoagulation or photocoagulation (Hindle and 
Leyton, 1978; Harris, 1976; Payne and Patz, 1972). Other studies describe 
cryocoagulation of active proliferative RLF as ineffective or even deleterious 
(Kingham, 1978). Harris (1976) pointed out that vitreous haemorrhages may 
occur, especially after photocoagulation. 
One problem in evaluating the effect of coagulation is the high incidence 
of spontaneous regression of vascular proliferations in active RLF. It seems 
highly likely that, in a number of successfully treated cases, regression of the 
neovascularizations would also have occurred without treatment (Nagata, 
1977; Kingham, 1978). A prospective controlled clinical trial might contribute 
to our knowledge of the importance of coagulation in active RLF. Some 
authors consider the possibilities to perform such a study to be rather limited 
(Kalina, 1980). 
The problems encountered in the operative treatment of retinal detachment 
in cicatricial RLF are the same as those in the treatment of DEVR. Tractional 
and rhegmatogenous retinal detachment in RLF has been treated by conven-
tional scleral buckling techniques, sometimes even in infants, with encouraging 
results (McPherson and Hittner, 1979). Vitrectomy procedures have also been 
used, but their efficacy in the treatment of RLF is still uncertain. Tasman 
(1979) reported a high incidence of retinal re-detachment in a small series of 
patients. This may have been due to the difficulty of adequate removal of the 
cortical vitreous in cicatricial RLF. 
8.5 Differential diagnosis 
As already pointed out, the clinical symptoms of RLF and DEVR are highly 
similar. Both conditions result from a disturbance in the late development of 
the retinal vasculature. The difference is that RLF is caused by exogenous 
factors, whereas DEVR is caused by a pathological gene. Goldschmidt (1935) 
described such an exogenously influenced imitation of a genetically deter-
mined condition as "phenocopy". We can therefore regard RLF as a pheno-
copy of DEVR. It is remarkable that the phenocopy was the first of the two 
conditions to be detected, especially because its history is still relatively short. 
It is evident that differential diagnosis between the two conditions is based 
mainly on the neonatal history, and the ophthalmologjcal history and exam-
ination of family members. 
An important question is whether the ocular anomalies in the two con-
ditions are entirely identical or whether differences may be demonstrable in 
some cases. In my opinion it is usually impossible in the individual patient to 
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distinguish the anomalies of DEVR from those of cicatricial RLF. The fundus 
changes as well as the anomalies which may be found in refraction, anterior 
segment and vitreous would seem to be clinically identical. The fluorescein 
angiogram in mild cases of cicatricial RLF reveals non-perfusion of the tem-
poral retinal periphery, demarcated on the central side by a zone of aberrant 
vascular ramifications which show delicate dilatations and fluorescein leakage 
(Flynn et al., 1979). These features seem hardly different (if at all) from 
those of the fluorescein angiogram in DEVR. 
According to Brockhurst et al. (1981) it is possible to distinguish DEVR 
from RLF by clinical examination in the two following respects: the neovas-
cular membrane in DEVR, unlike in RLF, is posterior to the ora serrata, and, 
secondly, myopia is common in RLF, whereas eyes of DEVR patients are 
often hyperopic. It is my opinion that the neovascular membrane in both 
RLF and DEVR originates from the peripheral retina and may obscure the 
ora serrata and pars plana in the more severe cases of both conditions. Myopia, 
like in RLF, is very common in DEVR (Chapter 4.4) and, therefore, plays no 
role in the differential diagnosis of both disorders. 
It may well be that certain characteristics are more frequent or more pro-
nounced in one condition than in the other. For example, it seems that small 
neovascularizations persist longer and fibrose less quickly in DEVR than in 
RLF. However, such minor neovascularizations are incidentally also found in 
adults with RLF (Jampol and Goldbaum, 1980). 
8.5.a "Retrolental fibroplasia" without neonatal oxygen administration 
or prematurity 
In the course of the years, several publications in the paediatric and oph-
thalmological literature have described RLF in individuals who had received 
no neonatal oxygen administration. Some had been prematurely born 
Huggert, 1954; Seedorff, 1968; Bruckner, 1968; Brockhurst and Chisthi, 
1975), while others had been born at term (Brockhurst and Chishti, 1975; 
Adamkin et al., 1977). Other studies mentioned RLF in full-term infants who 
had received only a small amount of oxygen (Kraushar et al., 1975) or who 
had no record of neonatal oxygen administration (Reese, 1949). 
Symptoms of RLF have been reported also in premature infants who, 
despite neonatal oxygen administration, showed a persistently decreased 
arterial oxygen pressure in the high-oxygen environment, due to a congenital 
cardiac anomaly (Kalina et al., 1972; Foos, 1975;Naiman et al., 1979). 
In view of such observations, many investigators regard RLF as a condition 
which can develop in full-term infants as well as in prematures, and in fact 
need not always be a result of increased arterial oxygen pressure in the new-
bom. 
Several hypotheses have been advanced to explain the development of 
RLF under these conditions. Some authors consider it possible that, at par-
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turition, the retina of the neonate is more sensitive to the increase in arterial 
oxygen pressure due to preceding intra-uterine hypoxia (Bruckner, 1968) 
Adamkm et al. (1977) desenbed severe RLF in a virtually full-term infant 
not given neonatal oxygen administration Icterus neonatorum had necessi-
tated postnatal exchange transfusions in this case. The authors maintained 
that increased arterial oxygen pressure due to the shift in the dissociation 
curve during the transfusions must have been responsible for the ocular com-
plications. 
Like Stefani and Ehalt (1974) and Svedburgh (1975), I would prefer to re-
strict the term RLF to cases in which the ocular changes result from neonatal 
oxygen administration 
Alhtough neonatal oxygen sensitivity can vary, RLF is an iatrogenic con-
dition which, in principle, can be produced by oxygen administration m any 
premature baby 
When symptoms of RLF develop in infants not given neonatal oxygen 
administration, an endogenous disorder of retinal vascular development 
should be the first possibility considered. Although the cause of the anomaly 
is obscure m such cases, it is most likely to be found primarily in the infant. 
The pathogenesis of such an anomaly differs decidedly from that of retinal 
lesions caused m normal prematures by oxygen administration, and the term 
RLF is therefore confusing 
Another disadvantage of the term RLF in cases with no record of neonatal 
oxygen administration is that one tends to hold some exogenous cause res-
ponsible for the retinopathy Although exogenous factors cannot be excluded, 
their role is in my opinion often overestimated, while on the other hand 
genetic factors are usually disregarded (quite erroneously) 
It seems unlikely that RLF might develop solely as a result of exchange 
transfusions in full-term infants, or solely as a result of rntra-uterme asphyxia, 
as some publications postulate The simple fact that ocular complications are 
as a rule not found after exchange transfusions and intra-uterine hypoxia, 
warrants the conclusions that these conditions cannot have been the sole 
cause of the retinopathy 
At clinical examination of the individual patient, DEVR is indistinguishable 
from RLF. In the absence of a history of premature birth and neonatal oxy-
gen administration, RLF-like symptoms should be primarily interpreted as 
suggestive of possible DEVR However, most publications on patients with 
RLF for which no aetiological factors can be found in the neonatal history, 
make no mention of the possibility of DEVR This is not surprising, because 
DEVR has only recently been given wider attention 
In the publications mentioned in the early paragraphs of this subsection, I 
found no ophthalmological data obtained by examination of family members, 
and the family history was often not even mentioned. 
As already mentioned, a negative family history is not uncommon m 
DEVR, the only method to demonstrate the condition in such cases is by 
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examination of the patient's parents and, if possible, of other close relatives. 
Even if examination of the parents fails to reveal anomalies, however, DEVR 
cannot be excluded with certainty, for penetrance is incomplete. Brockhurst 
and Chishti (1975) did mention DEVR as possible differential diagnosis in 
their report on six cases of cicatricial RLF without a history of neonatal 
oxygen administration. On the basis of the clinical findings in their patients, 
however, they excluded DEVR. As already mentioned, differential diagnosis 
between RLF and DEVR is impossible without a family study. In my opinion, 
the clinical manifestations described in this article are by no means incom-
patible with a diagnosis of DEVR. 
Schulman et al. (1980) considered the diagnosis of DEVR in a fullterm 
patient with RLF-like changes in both fundi, who had received no neonatal 
oxygen administration. They examined the patient's mother, who showed no 
anomalies, but examination of the father was not possible. These authors 
correctly described their findings, not as RLF but as "fundus changes con-
sistent with RLF" and "peripheral proliferative retinopathy". 
At this time it is not clear whether RLF-like retinopathies not resulting 
from neonatal oxygen administration or DEVR, and not accompanied by 
general symptoms, are in the same aetiological group. Some of these cases 
may well be caused by a gene with a different autosomal dominant trans-
mission, or by non-hereditary factors. I have observed a few instances of the 
occurrence of bilateral RLF-like juvenile proliferative retinopathies in other-
wise healthy children whose relatives showed no fundus changes. Such ob-
servations may indicate that DEVR is not the only imitator of RLF. 
Future research into RLF-like retinopathies with no exogenous cause in 
the neonatal history, will have to focus on the detection of genetic factors. 
The aetiological importance of DEVR in such cases can only be established 
by family studies. 
8.6 Consequences of oxygen administration to premature neonates with the 
genotype of DEVR 
An important question, which cannot be answered at this time, is whether 
premature neonates with the genotype of DEVR are excessively sensitive to 
oxygen. 
It is conceivable that the already disturbed angiogenesis in DEVR stagnates 
more readily in response to increased arterial oxygen pressure than in normal 
premature infants. We do not know whether vascular development merely 
stagnates in DEVR, or also takes a retarded course. If the latter is true, then 
the vascular system in a premature neonate should be in a less mature stage 
than might be expeted on the basis of gestational age, and sensitivity to oxy-
gen should be relatively high. 
It is very difficult to demonstrate a possibly increased sensitivity of the 
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retina to oxygen administration in DEVR by clinical examination. The varia-
bility of expression of the condition makes it virtually impossible to establish 
— in the incidental DEVR patient given neonatal oxygen administration - to 
which extent the symptoms are of genetic origin, and to which extent they 
are caused by exogenous factors. 
The presence of marked proliferative changes in an occasional member of 
our DEVR families who received neonatal oxygen administration (V-52 A) in 
a period in which this treatment rarely gives rise to serious complications, 
might indicate an additive effect of endogenous and exogenous factors. 
The extent to which neonatal sensitivity to oxygen administration is gene-
tically determined, can be established only by further research. 
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CHAPTER 9 
AFFECTIONS WITH CONGENITAL OR NEONATAL 
VITREOUS ORGANIZATIONS AND RETINAL DETACHMENT 
9.1 Incontinentia pigmenti (Bloch-Sulzberger syndrome) 
Incontinentia pigmenti is a rare condition which becomes clinically manifest 
in female infants. It is usually characterized by erythematous skin rashes and 
formation of intradermal vesicles. These lesions are often already present at 
birth, but may also develop in the neonatal period. There is usually marked 
eosinophilia of the blood during this active period. The inflammatory eruptions 
gradually disappear, leaving pigmented scars which usually fade in the course 
of a few years. The condition may be accompanied by anomalies of the cen-
tral nervous system, hair, teeth, skeleton and eyes. In severe cases the ocular 
anomalies can cause a grave visual handicap, thus overshadowing the other, 
usually less disabling changes. 
9.1.a Clinical ocular symp toms 
The classical fundus symptoms in incontinentia pigmenti are massive vitreous 
organizations with total retinal detachment, producing the clinical picture of 
a "pseudoglioma". The young patient described by Bloch (1925) already 
showed this anomaly in one eye, which was enucleated because a retino-
blastoma was suspected. Carney (1975) collected from the world literature 
653 cases of incontinentia pigmenti. Of the 455 cases suitable for statistical 
analysis, 160 showed ocular anomalies. Strabismus was the most frequently 
found anomaly (83 cases). Other not uncommon symptoms were cataract 
(18 cases), retinal detachment (13), microphthalmia (13), atrophy of the 
optic nerve (18), pseudoglioma (16), retinal telangiectases (10) and retinal 
pigmentations (18 cases). 
Disease symptoms have also been observed in the anterior segment: pos-
terior synechiae were described by Uebel et al. (1950), Scott et al. (1955), 
Wollensak (1959) and Mensheha-Manhart et al. (1975). 
Retinal vascular anomalies have been described by such authors as Lieb 
and Guerry (1956) and Krey and Laux (1974). 
Conspicuous aberrations of the peripheral retinal vasculature have been 
described by Best and Rentsch (1974) and Watzke et al. (1976). The vessels 
central to the temporal equator were tortuous and showed variations in 
luminal width. There were ramifications on the equator, some of which showed 
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arteriovenous anastomoses. A striking finding was complete avascularity of 
the retina peripheral to these aberrant vessels. Some neovascularizations were 
visible at the demarcation between the vascular and the avascular retina. 
Similar findings were obtained in a female patient with the Bloch-Sulzberger 
syndrome examined at our department. Her case history follows. 
Patient M.R.K. (13-12-65) 
History 
This girl was referred to our department at age 3 with divergent strabismus 
OD. The paediatric department of our hospital was found to have admitted 
this patient shortly after birth with acute disease symptoms and vesicular skin 
eruptions on the trunk, associated with unmistakable eosinophilia. Incon-
tinentia pigmenti had been diagnosed on the basis of these symptoms. 
The birth weight was 2700 g; no record of neonatal oxygen administration. 
Pregnancy had been uneventful. The patient's mother was reportedly in good 
health and had never miscarried. A younger brother and sister of the patient 
were reported to be in good health, with good visual acuity. No family history 
of systemic or ocular anomalies. 
Ophthalmological examination (at age 3) 
Visual acuity VOD: 0.25, uncorrected. 
VOS: 0.8, uncorrected. 
Cycloplegic refraction OD: S + 2.0. 
OS:S+ 1.5. 
Eye position Strabismus sursum vergens OD. 
Anterior segments ODS: Normal. 
Vitreous ODS: Normal. 
Fundi ODS: Pale disc, especially in OD. Otherwise 
normal appearance of posterior poles. 
Treatment 
Correcting spectacles and occlusion OS to correct the strabismus. The latter 
was discontinued because VOD failed to improve. Strabismus correction was 
performed elsewhere when patient was 7 years old. Regular follow-ups at our 
department were resumed from age 11 on. 
Ophthalmological examination (at age 11) 
Visual acuity VOD: S + 2.5/Cyl. - 1.5 axis 15° 3/60. 
VOS:S+ 1.5 1.0. 
Eye position Slight divergent strabismus OD. 
Anterior segments OD: Subcapsular posterior cataract (Figure 
138). 
OS: Normal. 
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Figure 138. Subcapsular posterior cataract OD. 
Vitreous OD: Normal structure. Minute white particles. 
OS: Normal. 
Fundi OD: Pale atrophic disc (Figure 139). A few 
ramifications of the central retinal artery in 
posterior pole show white vascular sheaths 
(Figure 139). Temporal to the posterior pole, 
too, a few arterioles with white, degenerated 
walls are visible (Figure 140). Slightly more 
peripherally, a few venules are strikingly irreg-
ular and tortuous. The temporal retina anterior 
to the equator is entirely avascular. A few 
gross pigment deposits are seen in this non-
perfused part of the retina. The nasal retinal 
periphery shows a normal vasculature. 
OS: Disc somewhat pale. Normal vascular con-
figuration and structure throughout the retina. 
Fluorescein angiogram OD: The early phase of the area central to the 
equator in the inferior temporal quadrant 
shows a very-low-density network of capil-
laries, some of which have dilatated to form 
wide arteriovenous anastomoses (Figure 141). 
The late phase very clearly shows non-perfusion 
of the temporal retinal periphery as far as a 
level central to the equator (Figure 142). The 
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Figure 139. OD. Very pale disc and some arterial branches with white vascular sheaths 
(arrows). 
Visual fields 
ERG 
most peripheral zone of retinal vessels shows 
very tortuous venous ramifications reversing 
in central direction. 
OS: The late phase reveals normal retinal per-
fusion. 
OD: Slight absolute limitation of the visual 
field in all quadrants, and slightly reduced 
general sensitivity. 
OS: Normal. 
ODS: The scotopic and photopic responses 
are within normal limits, but slightly lower in 
OD than in OS. 
General findings 
A few large, light-brown pigment spots, not raised, on the skin of the chest 
and the inguineal region (Figure 143). Trophic skin lesions. Some facial asym-
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Figure 140. OD. White sclerotic arteries inferior and temporal to the posterior pole. 
metry due to flattening of the right side. Scalp hair implantation thinner on 
the right than on the left. Marked hypoplasia of the right mandible, in which 
only one permanent molar has developed. The developed teeth show unmis-
takable morphological abnormalities. Neurological examination reveals no 
distinct abnormalities. The IQ is rather low. 
Figure 141. Fluorescein angiogram showing dilated arteriovenous shunt vessels. 
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Figure 142. Late phase of the angiogram showing non-perfusion of the temporal reti-
nal periphery. 
Family study 
Ophthalmological examination of the patient's mother revealed nothing 
abnormal. 
Summary 
A girl with incontinentia pigmenti and visual loss and strabismus OD. Fundi 
ODS show pale discs, and OD constricted retinal vessels with non-perfusion of 
the temporal retinal periphery. 
9.1.b Genetic aspects 
Incontinentia pigmenti is encountered almost exclusively in females. Carney 
found a positive family history in 55.4% of the cases reported in the literature. 
Male embryos are virtually never viable, and cause spontaneous abortion. 
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Figure 143. Irregularly shaped but not raised pigmented lesion in the inguinal region. 
Transmission of the condition may be X-chromosomal as well as autosomal. 
It is beyond doubt that the aberrant chromosome originates from the mother. 
However, the fact that the male heterozygote is not viable is suggestive of X-
chromosomal dominant transmission. 
9.1.с Histology and pathogenesis 
In the past few decades, several hypotheses have been advanced on the patho­
genesis of the ocular anomalies in incontinentia pigmenti. Some authors 
ascribed the ocular changes to an inflammatory process, e.g. foetal iridocyclitis 
(Wollensak, 1959). The inflammatory skin changes in the acute phase and the 
development of posterior synechiae supported this hypothesis. 
Other investigators regarded fibrovascular structures found in the vitreous 
at histological examination as persistent elements of the primary vitreous 
(Kriimmel and Rausch, 1955; Benedikt and Ehalt, 1970). The pigment de­
posits in the skin lesions in the early phase of the disease focused the attention 
of several investigators on the retinal pigment epithehum as a possible site of 
the primary disorder in the eye. Histological examination of the skin revealed 
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deposition of melanin in the dermis by epidermal melanocytes and an abnor-
mal population of melanocytes in the epidermis (Guerrier and Wong, 1974) 
Mensheha-Manhart et al (1975) desenbed light-microscopic and electron-
microscopic findings in the enucleated eye of a young patient with incon-
tinentia pigmenti. The pigment epithelium posterior to the totally detached 
retina showed nodular proliferations with macrophages which contained 
much melanin and hpofuscm. On the basis of these findings they considered 
it possible that a primary disturbance of the pigment epithelium is followed 
by secondary lesions of the neuroretina 
Best and Rentsch (1974) reported clinical findings obtamed in the eye of 
an infant which a few months later could be microscopically examined. On 
both occasions they observed that the vascular system on the temporal side of 
the retma had failed to develop the peripheral retina was avascular. A study 
of the histological specimen revealed that the ophthalmoscopically observed 
neovascularizations had developed into a thick fibrovascular membrane which 
had totally detached the retina. They regarded the hypoplasia of the retinal 
vasculature as the primary ocular anomaly in incontinentia pigmenti, which 
can lead to secondary neovascularization. In severe cases the latter can give 
rise to massive fibrovascular proliferations in the vitreous, and total retinal 
detachment. 
Watzke et al. (1976) confirmed the clinical observations of Best and 
Rentsch in seven patients they examined. Our patient, too, showed an avas-
cular temporal retmal periphery, but complicating neovascularization had not 
occurred. 
The retinal vascular changes in incontinentia pigmenti closely resemble 
those of RLF and DEVR The three conditions are all characterized by a 
developmental disorder of the retmal vasculature which mainly involves the 
temporal fundus periphery It is therefore likely that incontinentia pigmenti, 
too, involves damage to the retinal vasculature which occurs late in the course 
of foetal development. This conclusion is consistent with the fact that the 
acute skin symptoms develop either in the neonate or (probably) in utero 
shortly before birth. It seems plausible that the developmental disorder of the 
retinal vessels is as much more serious as the acute phase of the disease occurs 
earher. If this hypothesis is correct, then the patients with a postnatal acute 
phase are likely to show less marked fundus changes than those with congen-
ital skin eruptions. I have been unable to find data in the literature on incon-
tinentia pigmenti which could be used to test thus hypothesis. 
There are no longer any clinical or microscopic indications for interpret-
ation of the vitreous organizations as a consequence of metastatic ophthalmia. 
The postulate that persistence of the primary vitreous and the hyaloid system 
plays a role m the pathogenesis, is probably based on misinterpretation of the 
presence of preretinal fibrovascular tissue m microscopic specimens. Best and 
Rentsch (1974) already discussed this mistake. They maintained that larger 
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retmal vessels which lead to neovascularizations can easily be mistaken for 
persistent hyaloid vessels. 
The theory that the neuroretinal changes in incontinentia pigmenti result 
from primary affection of the pigment epithelium seems no longer tenable. It 
is true that extensive pigment deposits have been found in severely affected 
eyes (Benedikt and Ehalt, 1970, Mensheha-Manhart et al , 1975), but these 
deposits are not a rare finding in eyes with retina] detachment of longer 
standing. Distinct changes of the pigment epithelium are usually absent in 
milder cases of incontinentia pigmenti with ocular anomalies described in the 
literature 
The presence of posterior synechiae, as observed in incontinentia pigmenti 
with serious ocular complications, is certainly not suggestive of primary uveitis. 
In müder cases (as in our patient) they can be completely absent Posterior 
synechiae also frequently develop in a late stage of other serious infantile pro-
liferative retinopathies, e g. RLF and DEVR. 
9.].d Differential diagnosis 
The frequently present skin changes facilitate differentiation of incontinentia 
pigmenti from other juvenile cause of leucocona In less severe cases the fun-
dus changes cannot be detected until the child is a few years old, when skin 
pigmentations have faded. In these cases the diagnosis can usually be estab-
lished on the basis of historical data on the neonatal period and examination 
of the skin, teeth and hair. Non-raised pigmented spots on the skin of es-
pecially the trunk and extremities, malformations or absence of teeth, or 
alopecia, are important findings in support of the diagnosis. Centra] nervous 
system symptoms such as convulsions, spastic paralysis and mental retard-
ation likewise are not uncommon (Carney, 1976). 
It is important to examine mothers of patients with incontinentia pigmenti 
because, as already pointed out, transmission of the anomalous gene is possible 
only from mother to daughter (not in the paternal line) Nevertheless, general 
and ophthalmological examination of mothers of patients often reveals no in-
dication of the disease, it did not in the mother of the above described patient. 
In these cases, a mutation in the maternal gametes may have occurred. 
Another possible explanation is that the mother does possess an abnormal X-
chromosome, but that it does not become manifest in her. This could be due 
to inactivation of the X-chromosome with the anomalous gene, as postulated 
m the hypothesis advanced by Lyon (1961) 
It is interesting to compare the fundus changes in incontinentia pigmenti 
with those in DEVR However closely the fundus changes in the two con-
ditions resemble each other, they are not identical. In my opinion an essential 
difference lies in the presence of white vascular sheaths and sometimes occlu-
sion of medium-size artenoles m incontinentia pigmenti. I have never observed 
this phenomemon in DEVR. In most cases of incontinentia pigmenti, more-
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over, the pattern of the retinal vasculature along the central demarcation 
from the avascular periphery seems more pronounced and more irregular than 
in DEVR and RLF. A third difference lies in the fact that optic nerve atrophy 
is not encountered in DEVR and RLF, but is not an uncommon finding in in-
continentia pigmenti. In the latter condition it may be that occlusion of reti-
nal arterioles leads to hypoxia of the innermost layers of the more peripheral 
retina, thus arresting the further development of foetal retinal vessels. 
In incontinentia pigmenti, as in DEVR and RLF, neovascularizations need 
not cause total vitreous organizations but may be restricted to the temporal 
retinal periphery and sometimes cause a falciform retinal fold (Fried and 
Meyer-Schwickerath, 1980). 
9.1.e Treatment 
In particular photocoagulation may be indicated for the treatment of neovas-
cularizations. This seems especially the case when there is progression of vas-
cular proliferations. There are only a few reports on patients thus treated 
(Best and Rentsch, 1974; Watzke et al., 1976), and consequently the value of 
coagulation in incontinentia pigmenti is still uncertain. 
9.2 Nome's disease 
9.2.a Ginical symptoms 
Norrie's disease is characterized by severe bilateral ocular changes and, in 
some cases, by hearing defects and disorders of cerebral function. The con-
dition is found exclusively in males, and X-chromosomal transmission has 
been demonstrated in several families (Warburg, 1966; Biodi and Hunter, 
1969; Holmes, 1971). The most conspicuous ocular anomaly is leucocoria 
due to the presence of a whitish-grey or yellowish retrolental tissue mass 
which usually shows some vessels at slit-lamp examination. 
The leucocoria is usually detected shortly after birth. In a few instances 
the parents do not notice their child's visual handicap until the end of the 
second year of life (Warburg, 1966). The anterior chamber is sometimes 
shallow, and in several cases the aqueous humour shows a positive Tyndall 
phenomenon. Anterior and posterior synechiae are often present. 
Most patients become blind in the course of the first few months of life as 
a result of shrinking and detachment of the retina. Older children and adults 
with this disease show atrophy of both eyeballs, and band keratopathy of the 
cornea. 
Adult patients are often of subnormal intelligence, and sometimes show 
other evidence of cerebral lesions, e.g. epileptic seizures or psychotic symp-
toms. Neither the incidence nor the cause of hearing defects in Norrie's dis-
ease is known (Warburg, 1966). 
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Although the disease is rare, several affected families have been described 
in negroes as well as in Caucasians (Hansen, 1968), and also in North American 
indians (Wilson, 1949). 
Hamburg (1970) observed the disease in three brothers in The Netherlands. 
Von Winning (1952) described a family in which two brothers and a maternal 
cousin were virtually blind as a result of bilateral "pseudoglioma". Although 
it is unknown whether these patients showed other ocular anomalies as well, 
Warburg (1966) considered the clinical picture of the ocular anomalies and 
the presumably X-chromosomal transmission in this family to be typical of 
Norrie's disease. 
9.2.b Histology 
Several eyes of patients with Norrie's disease have been enucleated, and the 
microscopic features of the condition are therefore wellknown. Unfortunately, 
most of the enucleated eyes were severely deformed by fibrotic and glial 
tissue, so that early histological changes could not be studied. 
The specimen of an atrophic eyeball described by Andersen and Warburg 
(1961) showed a hypoplastic iris with synechiae in the iridocorneal angle. The 
anterior surface of the iris was covered by a fibrovascular membrane. The lens 
had shrunken and was cataractous, with duplicatures in the capsule. The de-
formed vitreous space was full of fibrovascular cicatricial tissue with gross 
collagen fibres and proliferations of retinal pigment epithelium cells. Immedi-
ately posterior to the lens, a plaque of hyalinized vascular tissue was seen 
which, according to the authors, was suggestive of persistent hyperplastic pri-
mary vitreous. In this specimen the neuroretina could not be traced anywhere 
but, possibly, in a haemorrhagic and necrotic area. In the optic nerve, both 
myelin sheaths and axons showed virtually complete aplasia. 
In a less atrophic eyeball, Apple et al. (1974) likewise found haemorrhages 
and fibrovascular proliferations in the vitreous space. The detached neuro-
retina showed proliferation of glial tissue and dysplastic rosettes. No gross 
deformation of retinal vessels was observed. In microscopic specimens of both 
eyes of a patient with Norrie's disease, Townes and Roca (1973) found ex-
tensive fibrovascular cicatricial tissue in the vitreous space. In one eye, the 
retina formed a funnel-shaped strand extending from the disc to a retrolental 
mass of fibrotic tissue; in the other specimen the neuroretina was no longer 
identifiable. Extensive fibrovascular vitreous organizations were described 
also by Wilson (1949) and Stefani and Ehalt (1974), but in the latter case the 
diagnosis was not entirely certain. 
I had occasion to study the histological changes in the eyes of two patients 
with Norrie's disease. The first boy was a member of the family described by 
Hamburg (1970). Like his two brothers, this boy became blind shortly after 
birth. 
The sagittal sections of the eye enucleated shortly after birth revealed total 
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retmal detachment. The retina formed a funnel-shaped strand extending from 
the disc to a thin membrane of fibrotic tissue which attached to the posterior 
side of the lens and the ciliary processes. The posterior part of the detached 
neuroretina showed proliferation of glial tissue. The anterior part of the retina 
immediately behind the fibrovascular membrane was necrotic and showed 
hardly any recognizable structure. 
The second specimen came from a boy who developed bilateral leucocona 
shortly after birth. This child also showed central nervous system symptoms 
such as convulsions and psychomotor retardation. Family studies had been 
made at the ophthalmological and paediatnc departments of the Utrecht Uni-
versity Hospital. It had been found that, in the maternal family, several boys 
had been blind or virtually blind shortly after birth, and that some had died 
within the first year of life. Nome's disease had been diagnosed on the basis 
of the clinical manifestations and the pattern of transmission, which was con-
sistent with X-chromosomal transmission. Figure 144A shows a section 
through the eye enucleated two months after birth. Funnel-shaped detach-
ment of the retina is visible Proliferation of glia cells renders the retinal 
structure virtually unrecognizable There are no distinct dysplastic rosettes, 
but several remnants of retinal layers are visible which show deformation due 
to duphcatures (Figure 144B). Several small blood vessels among the glial pro-
liferations are surrounded by some fibrotic tissue. On the anterior side, the 
neuroretina is attached to the posterior lens capsule via fibrovascular tissue, 
which also attaches to the ciliary processes The retinal pigment epithelium is 
still completely in contact with the choroid. Most of the space between neuro-
retina and pigmented layer is filled with blood 
9.2.C Pathogenesis 
The severity of the changes in the vitreous space greatly impedes efforts to es-
tablish the pathogenesis of the changes in Nome's disease. Unlike, say.DEVR, 
Nome's disease shows but little variability in gene expression, and the disease 
leads to the terminal stage of phthisis bulbi during infancy in nearly all cases. 
This greatly limits the changes of clinical fundus examination. 
According to Warburg (1966) the disease may well be based on a develop-
mental disorder of the neuro-ectoderm. Apart from the ocular anomalies and 
the microscopic changes in optic nerve and optic tract, the dysplasia of the 
cerebral cortex she found, and possibly also the hearing defect, might be as-
cribed to this. She maintained that the ocular anomalies could result from 
disturbed differentiation of the inner layer of the optic cup, leading to dis-
turbed production of secondary vitreous The latter could lead to persistence 
of the primary vitreous. She interpreted the fibrovascular organizations in the 
vitreous space as persistent hyperplastic primary vitreous. 
Apple et al. (1974) postulated a similar pathogenesis, although in addition 
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Figure 144. Norde's disease. Anteroposterior section of the globe. A) The retina is totally 
detached and has become a funnel-shaped mass attached to the posterior lens surface. 
The eyeball is almost entirely filled with blood (X 6). B) Higher magnification of the 
same section as in figure 144A. The retrolental mass consists mostly of glia colls. De-
formed layers of the neuroretina are distinguishable at some sites (X 36). 
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to persistence of pnmary vitreous they did not exclude the possibility that 
the fibrotic tissue masses may result from fibrovascular proliferations 
It seems plausible that the primary disorder in Nome's disease occurs in 
the embryonic neuroretma, for in most cases the sclera, choroid and retinal 
pigment epithelium showed no signs of abnormal primordial development. It 
seems less likely to me that the retrolental fibrotic tissue structures could ori-
ginate from hyperplastic remnants of the primary vitreous. The postulate that 
these structures ongmate from neuroretmal neovascularizations strikes me as 
more plausible The following observations support this theory 
The histological features of eyes of patients with Nome's disease do not 
differ from those in terminal stages of other congenital or neonatal pro-
liferative retinopathies such as DEVR or RLF. 
Rapid postnatal progression of vitreous organizations has been observed in 
several cases of Nome's disease Jacklin (1980) examined a neonate with 
this disease and found progression of a falciform retinal fold to a total 
retrolental tissue mass in which the retina was included. Such progression 
is more suggestive of active vascular proliferation than of persistence of 
hyaloid elements. 
Persistent hyperplastic primary vitreous of hereditary origin is not known 
in man, but hereditary proliferative letinopathies are. 
A very interesting observation was recently reported by Fujitaet al. (1980), 
who obtained a fluorescein angiogram of the ocular fundus of an infant 
with Nome's disease. It revealed a tissue mass m the vitreous space which 
contained numerous dilated blood vessels from the disc area. The pos-
terior pole of the fundus was not clearly visible. The peripheral choroid 
showed poor vascularization Peripheral retinal vasculature was not angio-
graphically demonstrable 
It can be stated in summary that there are clinical and histopathological in-
dications that Nome's disease is a proliferative retinopathy. Whether the pri-
mary disorder underlying the changes is a developmental disorder of the 
retinal vasculature, as in DbVR, is uncertain In view of the abovementioned 
observation reported by Fujita et al. (1980), however, this is not improbable 
So far, no ocular anomalies have been observed in carriers of Nome's dis-
ease. It cannot be excluded, however, that some of them may have minor 
fundus changes Contact lens examination and fluorescein angiography of the 
peripheral fundus in carriers may contribute to our knowledge of the patho-
genesis of this disease 
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9.2. d Di f f eren tial diagnosis 
Nome's disease should be differentiated from other neonatal affections which 
can lead to bilateral leucocona, e g. retinoblastoma, RLF and Coats' disease. 
The neonatal history and the ophthalmological family history are of course of 
importance in this respect. 
Neonatal leucocona is observed also in the Reese-Blodi-straatsma syn-
drome and trisomy 13 (to be discussed later). These syndromes, however, are 
characterized by far more severe malformations of other organs. 
Nome's disease is less readily distinguishable from manifestations known 
as "congenital encephalo-ophthalmic dysplasia" which, like Nome's disease, 
may be accompanied by mental retardation and convulsions. The hereditary 
transmission of this syndrome is obscure, but certainly is not X-chromosomal, 
as Nome's disease is. 
Differential diagnosis from incontinentia pigmenti of course poses no 
problem, because the latter occurs only in females. 
DEVR, finally, rarely manifests itself with bilateral leucocona shortly after 
birth. Yet in rare more severe cases differentiation from Nome's disease may 
be more difficult, particularly because m the latter condition cerebral anom-
alies are not always manifest in an early stage. Severe fundus changes were 
present shortly after birth in IV-1 F (Chapter 3). In this case the diagnosis of 
Nome's disease was rejected on the basis of the absence of cerebral anomalies, 
the asymmetry of the ocular anomalies, and the presence of the fundus 
changes in the mother. 
9.3 Reese-Blodi-Straatsma syndrome and trisomy 13 
The syndrome described as "retinal dysplasia" by Reese and Biodi (1950) and 
Reese and Straatsma (1958) is characterized by severe bilateral ocular anom-
alies and general malformations. The latter usually lead to a fatal issue within 
a few months of birth. They mainly involve the central nervous system and 
cardiovascular system, but other malformations (cheiloschisis, palatoschisis, 
polydactyha) have been observed as well. 
The following ocular symptoms have been observed in the syndrome: 
microphthalmia (usually mdd), shallow antenor chamber, posterior synechiae, 
coloboma of the ins, cataract (usually not total), and a white vascularized 
tissue mass close behind the lens in the vitreous space. In some cases elongated 
ciliary processes are seen whose central parts are attached to the retrolental 
tissue mass. 
In 1960 Patau and co-workers demonstrated the presence of an additional 
chromosome m patients with symptoms like those described by Reese, Biodi 
and Straatsma. The ocular changes subsequently described in this syndrome 
(which is associated with trisomy of chromosome 13) by Cogan and Kuwabara 
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(1964) and Miller et al (1963) likewise corresponded with the symptoms de-
scribed by Reese et al It is therefore likely that the Reese-Blodi-Straatsma 
syndrome is based, at least in a number of cases, on trisomy 13 
9 3.a Histology 
The histopathological features of the RBS syndrome are known very well be-
cause, as already pointed out, most patients die relatively soon after birth 
Symptoms of dysembryogenesis of cornea, ins and iridocorneal angle have 
been frequently found in eyes examined The neuroretina is partly detached 
from the pigmented layer Not infrequently a retinal fold extends from the 
disc to a tissue mass in the anterior part of the vitreous space Such tissue 
masses have often been regarded as persistent elements of the primary vitreous 
(Hopener and Yanoff, 1972) The detached parts of the neuroretina show 
proliferations of glial tissue and rosettes The latter are traversed by tubular 
structures which often connect with the subretmal space Photoreceptors and 
elements of the outer retinal layers are found arranged around the lumen of 
these structures These dysplastic rosettes differ in variety of form, dimensions 
and structure from the neoplastic rosettes which characterize retinoblastoma. 
The latter are small, circular and of uniform structure and morphology Un-
like non-neoplastic rosettes, moreover, they lack Muller cells (Fulton et al. 
1978) 
9 3.b Pathogenesis 
In view of the microscopic changes in retinal structure the above described 
syndrome was called "retinal dysplasia" by Reese and Biodi (1950) This 
term was later criticized because similar dysplastic changes can be histologi-
cally demonstrated in several other conditions and are therefore not specific 
for the RBS syndrome (Hunter and Zimmerman, 1965). Moreover, the term 
emphasizes only the retinal changes in a syndrome with many other severe 
malformations (Waardenburg, 1963). 
It is of great importance that dysplastic rosettes are no longer regarded as a 
specific manifestation of primary neuro-ectodermal dysplasia of the eye. 
Similar neuroretinal structural changes and the presence of rosette-like struc-
tures have been observed in cases of congenital retinal fold (Mann, 1935), 
choroidal coloboma (Badtke, 1960, Lahav, 1973) and persistent hyperplastic 
primary vitreous (Lahav et al., 1973). Non-neoplastic rosettes have been ob-
served m test animals after intra-uterine damage of the neuroretina caused by 
rontgen irradiation (Pagenstecher, 1916), perforating trauma of the eyeball 
(Sdverstein, 1974) and after viral infection (Silverstem, 1971, Albert et al., 
1977) 
That rosette-like structures can develop late in the course of embryonic de-
velopment and even after birth, is demonstrated by their presence in RLF 
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(Klein, 1949) Similar microscopic features can even develop in adults after 
neuroretmal detachment due to trauma or proliferative organizations resulting 
from diabetic retinopathy or occlusion of the central retinal vein, as demon­
strated by Lahav et al. (1975). To put it succinctly rosettes with a non-neo-
plastic pathogenesis are a rather non-specific manifestation of virtually any 
damage to the neurorctina, whether during or after completion of embryonic 
development. 
Although some of the ocular changes observed in the RBS syndrome (e.g. 
dysembryogenesis of the anterior segment and colobomas of the ins) indicate 
an early disturbance of embryonic development, the retinal changes are partly 
compatible with a late developmental disorder, and more specifically with 
disturbed vascular development with secondary vascular proliferations in the 
vitreous space, as can be observed also in, say, anencephalm. Microscopic 
examination of the retinal vasculature in eyes with relatively little retinal 
deformity may yield additional information on the pathogenesis of the ocular 
anomalies in the RBS syndrome. 
9.3.C ν Differential diagnosis 
Congenital non-attachment of the retina with similar rosette-like structures 
has been observed in Meckel's syndrome, which like the RBS syndrome is 
associated with multiple malformations of the central nervous system and 
numerous other organs (Lahev and Albert, 1973, Warburg, 1978), and in 
other rare chromosomal anomalies such as trisomy 18 (Fulton et al., 1978). 
Differential diagnosis from DEVR of course poses no problem at all, be­
cause general symptoms are totally absent in DEVR. 
9.4 Congenital encephalo-ophthalmic dysplasia 
The term encephalo-ophthalmic dysplasia was introduced by Krause (1946), 
who described 18 patients with a variety of cerebral anomalies in combination 
with RLF-hke ocular symptoms. Krause's exhaustive study was published at a 
time when the role of oxygen m the aetiology of RLF was yet to be established. 
The fact that several of Krause's patients had been prematurely born and had 
received neonatal oxygen administration, has subsequently raised doubt 
about the presence of the ocular symptoms at birth in a number of these 
cases. 
Several subsequent studies, however, described infants not given neonatal 
oxygen administration in whom similar symptoms were found, which were 
confined to the eyes and the central nervous system. The similarity in clinical 
features between these cases and the lack of an alternative term justifies 
maintenance of the original term — congenital encephalo-ophthalmic dys­
plasia — for the time being. 
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9.4.a Qinical symptoms 
The anomalies described by Krause were hydrocephalus and microcephaly, 
associated with a varying degree of mental retardation. The ocular symptoms 
were bilateral. Retinal detachment (usually in the form of funnel detachment) 
was frequently observed. Although some eyes showed possibly primary 
abnormalities of the iridocorneal angle, no signs of early embryonic close 
defects of the optic cup were observed. 
Cases of hydrocephalus in combination with bilateral RLF-like ocular 
symptoms without a history of neonatal oxygen administration were sub-
sequently described by Snell (1965), Karlsberg et al. (1973), Svedberg (1975) 
and Warburg (1978). 
There are sound reasons to postulate that the ocular anomalies in this syn-
drome are based on a primary disturbance in the development of the retinal 
vascular system. The clinical features in most cases clearly indicate such a 
pathogenesis. The ophthalmoscopic findings in Warburg's patient (1978) 
suggested an only very partial vascularization of the retina. Histological exam-
ination, as performed in the case reported by Karlsberg et al. (1973) revealed 
unmistakable proliferations of retinal vessels through the internal limiting 
membrane to the vitreous space. The retina peripheral to these neovascular-
izations was entirely avascular. 
Snell (1965) described a patient with hydrocephalus in whom he found 
fibrovascular proliferations and dysplastic rosettes in the detached neuro-
retina. As already mentioned, such rosettes are frequently found also in late 
developmental disorders. In this case, too, the fibrovascular structures were 
almost certainly derived from retinal neovascularizations. 
The cause of the cerebral anomalies in these patients is obscure. Karlsberg 
et al. (1973) found not only the histological signs of bilateral hydrocephalus 
but also bilateral subdural haematomas, a haematoma of the posterior fossa 
and a vestigial cerebellum. In the cases so far examined histologically, no evi-
dence of cerebral vascular developmental disorders has been found. 
The syndrome has been observed in either sex, and nearly always in spor-
adic cases. Autosomal recessive transmission is not improbable, for parental 
consanguinity was established in a few cases (Warburg, 1978). 
Krause described RLF-like ocular symptoms in a few patients with micro-
cephaly. It seems to me that the symptoms of the patient described in 
Chapter 7 — with microcephaly and bilateral falciform retinal folds — also be-
long to the syndrome of congenital encephalo-ophthalmic dysplasia. In both 
fundi of this girl it was evident that retinal vascular development had hardly 
occurred outside the posterior pole. 
9.5 Proliferative retinopathy in anencephalia. 
Cogan (1963) demonstrated anomalies of the retinal vasculature in anen-
cephalia. Anencephalia is not a rare malformation, and not compatible with 
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life; its histopathological features are therefore wellknown. The histopatho-
logical features are therefore wellknown. The histopatholical findings de-
scribed by Cogan (1963) were massive proliferations of endothelial cells at 
the "advanced border of the retinal vasculature", and proliferations of neuro-
glial cells in the peripheral fundus. 
Andersen et al. (1961) described light-microscopic findings obtained in 40 
eyes of ancephalic patients. A characteristic feature in their specimens was 
hypoplasia of the ganglion cells and nerve fibre layer of the retina, and hypo-
plasia of the axons in the optic nerve. They considered these changes to result 
from the cerebral malformations. Unmistakable proliferative changes of the 
type seen in RLF were found in only one eye: that of a full-term anencephalic 
neonate. 
Addison et al. (1972) found RLF-like vascular proliferative changes in 9 
out of 73 histologically examined eyes of anencephalic persons. The changes 
ranged from marked proliferation of capillaries in the inner layers of the 
retina to distinct intraretinal neovascularizations extending to varying levels 
in the vitreous space. In all eyes the neovascularization had occurred at the 
demarcation between vascular and avascular retina, as in RLF. 
9.5.a Pathogenesis 
The descriptions published by Cogan (1963), Andersen et al. (1961) and 
Addison et al. (1972) clearly show that the histological changes in some anen-
cephalics closely resemble those of RLF. Since the fibrovascular proliferations 
cannot be a result of oxygen administration, however, the term RLF does not 
apply. Addison et al. (1972) rightly used the term proliferative retinopathy. 
These publications show that the neovascularization observed in anen-
cephalics is associated with incomplete vascularization of the (peripheral) 
neuroretina. The logical implication is that, as in DEVR, a primary develop-
mental disorder of the retinal vasculature has been complicated by reactive 
neovascularization. The extensive proliferations which Addison et al. (1974) 
found in premature anencephalics aged 26 and 28 weeks, respectively, in-
dicate that the disorder can occur fairly early in the course of development. 
The cause of the disorder in retinal vascular development in anencephalics 
is obscure. The inner retinal layers are probably already hypoplastic even be-
fore development of the retinal vasculature, due to subnormal development 
of the ganglion cells and their axons. This hypoplasia of the nerve fibre layer 
may have led to disturbed vascular development in these cases. 
9.6 Familial unilateral proliferative retinopathy 
It was difficult to classify the condition observed in two members of the 
following family (Figure 145). 
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Figure 145. Pedigree of the family with unilateral proliferative retinopathy. 
Subject IV-l (29-03-47) 
History 
VOD had been poor since early infancy, but no treatment had been given in 
childhood. At age 21 the patient was referred to our department for correction 
of the elevated position of OD. The fundus changes were tentatively ascribed 
to previous chorioretinitis. In 1971, recession of the superior rectus muscle 
was performed to correct the eye position. General health had reportedly 
always been good. No record of premature birth or neonatal oxygen admin­
istration. 
Family history 
Diminished VOD in the eldest son; paternal great-grandfather was reported to 
have had diminished visual acuity in one eye. 
Ophthalmological examination 
Visual acuity 
Eye position 
Anterior segments 
Vitreous 
Fundi 
VOD: 4/300; projection in the nasal visual 
field incorrectly indicated. 
VOS: S + 0.5 1.0. 
Virtually straight; latent nystagmus. 
ODS: Normal. 
ODS: Normal retrolental vitreous structure. A 
few delicate white particles are visible. 
OD: From the disc, the temporal retinal vessels 
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take a stretched course through the centre of 
the posterior pole to the inferior temporal 
quadrant. Some traction on these vessels has 
produced the features of dragged disc. The 
macula is no longer clearly distinguishable 
among the closely packed parallel retinal 
vessels in the posterior pole. Immediately tem-
poral to the posterior pole an extensive sharply 
defined area with extensive pigmented layer 
atrophy and some pigmentations is visible 
(Figure 146). The retina in this area shows 
fibrovascular proliferations slightly raised in 
the pre retinal vitreous space. The retinal vessels 
which extend beneath these proliferations 
show local deformation due to traction exerted 
by this tissue. The retinal periphery anterior 
to the temporal equatorial zone showed ex-
tensive white without pressure and seems avas-
cular. The nasal periphery shows similar 
changes. There are no retinal defects or ex-
udates. 
Figure 146 (IV-1). Fundus OD. 
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OS: The posterior pole presents an entirely 
normal appearance. The peripheral fundus 
shows a normal configuration of retinal vessels 
and is otherwise also normal. 
Fluorescein angiogram OD: The early phase of the posterior pole very 
clearly shows the abnormal configuration of 
the retinal vasculature. Inferior and temporal 
to the posterior pole thereisahypofluorescent 
area, obviously due to poor perfusion of the 
choriocapillaris, surrounded by a hyperfluore-
scent corona of atrophic pigment epithelium. 
Peripheral to this, the retinal vessels show 
marked deformation, and an area about the 
size of one disc diameter in which preretinal 
neovascularizations cause intensive fluorescein 
leakage (Figure 147). Slightly peripheral to this 
lies an interesting area near the equator, where 
the retinal vessels terminate in a few aberrant 
and leaking terminal ramifications. The retina 
peripheral to this area is totally avascular 
(Figure 147). 
Figure 147 (IV-1). Fluorescein angiogram fundus OD. At a few sites, intensive leakage 
from small neovascularizations. The arrows indicate the demarcation between vascular 
and avascular retina. 
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OS: The late phase of the posterior pole shows 
some hyperfluorescence of the disc. The peri-
pheral fundus near 3 o'clock shows no anom-
alies. 
Conclusion 
OD shows unmistakable symptoms of incomplete vascularization of the tem-
poral and the nasal retinal periphery with distinct neovascularizations. The 
fundus OS shows no abnormalities. 
Subject V-l (24-01-71) 
History 
At age 5 the school medical officer diagnosed diminished VOD. The ophthal-
mologist consulted found fundus changes in OD at examination under anaes-
thesia. The patient was referred to our department for further diagnosis. 
Ophthalmological examination 
Visual acuity VOD: S + 1.0/Cyl 
Cycloplegic refraction 
Eye position 
Anterior segments 
Vitreous 
Fundi 
- 2.5 axis 50 0.2. 
VOS: S - 0 . 5 1.0. 
OD: S + 2.0/Cyl. - 2.5 axis 50°. 
Straight. Slight temporal displacement of the 
corneal reflex OD. 
OD: A few small posterior synechiae in the 
superior nasal quadrant. 
OS: Normal. 
OD: The centre of the retrolental vitreous is 
of normal structure, without cells. 
OS: Normal structure, without cells. 
OD: In the posterior pole, a small atrophic 
area of the pigmented layer lies immediately 
temporal and superior to the disc. The con-
figuration of the retinal vessels near the disc is 
abnormal: the macula and the blood vessels of 
the posterior pole show distortion in superior 
nasal direction (Figure 148). A strand of grey 
tissue extends from the disc in superior direc-
tion and ends in the are of the pars plana near 
1 o'clock in a mass of white glial tissue. This 
mass is localized immediately posterior to the 
lens equator, but not attached to it. Only at 
the disc and in the extreme periphery is the 
strand attached to the retina; otherwise it ex-
tends preretinally in the vitreous space. No 
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Figure 148 (V-l). OD. The blood vessels on the disc show superior nasal distortion. 
vessels are visible in the strand. In the ex-
treme periphery near 12 o'clock, a dark green 
raised structure is localized close to the glial 
tissue mass at the distal end of the tissue 
strand. The nature of the tissue of this swelling 
is not readily identifiable. The retinal periphery 
outside the glial structures shows no distinct 
vascular changes. 
OS: The posterior pole and periphery of the 
fundus are entirely normal. 
Conclusion 
Mass of proliferative tissue in the extreme fundus periphery and vitreous strand 
to the disc in the right eye. 
Discussion 
The symptoms observed in the two above described members of one family 
suggest a peripheral proliferative retinopathy confined to one sector of the 
fundus. History and clinical features suggest that the condition is congenital 
in both cases. The fluorescein angiogram of OD in IV-1 reveals an avascular 
retinal periphery. The configuration of the most peripheral retinal vessels near 
the central demarcation of the avascular retina is suggestive, not so much of 
secondary occlusions in a normally developed vascular system as of a vascular 
developmental disorder. 
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The condition in this family is not readily classifiable. DEVR seems to be 
the primary consideration in diiferential diagnosis. The fundus changes in OD 
of IV-1 and the father-to-son transmission are quite consistent with DEVR. 
Although the severity of changes can differ widely in the two eyes of a 
patient with DEVR, I have not observed a unilateral form of this disease. The 
localization of the proliferative changes in V-l (superior nasal quadrant) is 
likewise not readily compatible with DEVR. 
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CHAPTER 10 
OBSERVATIONS ON WAGNER'S SYNDROME, SEX-LINKED 
JUVENILE RETINOSCHISIS AND JUVENILE 
RHEGMATOGENOUS RETINAL DETACHMENT 
10.1 Wagner's syndrome 
After presenting a brief survey of the clinical and pathological manifestations 
of Wagner's syndrome, this chapter discusses the vascular anomalies of the 
peripheral fundus in this syndrome. Symptoms suggestive of a developmental 
disorder of the peripheral choroid, retinal pigment epithelium and retinal vas-
culature in Wagner's syndrome have been discussed in a previous publication 
(Van Nouhuys, 1981b). The results of this study are again presented and dis-
cussed in this chapter. 
10.1.a Qinical symptoms 
The most conspicuous symptoms of Wagner's syndrome are to be found in 
the vitreous and the peripheral fundus. A characteristic finding is the absence 
of any vitreous structure in most parts of the vitreous space, as a result of 
which this space is optically empty. A few filamentous vitreous structures, 
however, are visible at some sites and show considerable mobility. 
Another characteristic feature, which is virtually pathognomonic of 
Wagner's syndrome, is the circular attachment of a delicate vitreous membrane 
to the retina slightly posterior to the equator of the fundus, which is often 
visible in all quadrants. Gross pigment deposits are localized superficially in 
the retina in the peripheral fundus (Figure 158). In some cases they are radially 
arranged along the retinal vessels, which often show white vascular sheaths 
(Wagner, 1938;Jansen, 1966;Frandsen, 1966; Alexander and Shea, 1965). 
Small white atrophic areas, often surrounded by a pigment zone in the 
equatorial fundus region, are frequently observed (Jansen, 1966), as also are 
lattice degeneration and white without pressure. In the posterior fundus the 
large choroidal vessels and the sclera are often clearly visible. 
Some authors (Jansen, 1966; Frandsen, 1966) have pointed out the abnor-
mal retinal vascular pattern near the disc (inversed disc) (Figure 149). This 
phenomenon is sometimes accompanied by nasal ectopia of the macula. Re-
fraction anomalies are frequently found, the most common being myopia or 
myopic astigmatism. 
Retinal defects and rhegmatogenous retinal detachment have been described 
as a complication of Wagner's syndrome in many reports (Cibis, 1965; Jansen, 
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1965, Alexander and Shea, 1965,Delaney et al., 1963, Van Balen et al., 1970, 
Hirose et al., 1973, Knobloch, 1975). There are often small multiple defects, 
which lead to retinal detachment at an early age (Hirose et al., 1973). 
Cataract is another frequent complication, which likewise can occur at an 
early age. The opacities begin m the posterior cortex, where they form an ir-
regular stellate pattern. Subsequently, progressive sclerosis of the nucleus of 
the lens is often observed. 
Open iridocorneal angle glauoma is not a rare complication after age 30. 
Jansen (1966) found increased intraocular pressure in about 33% of patients. 
R etimi functions 
Corrected visual acuity is good in most patients as long as complications such 
as lens opacities, retinal detachment or glaucoma have not yet developed. 
The visual fields are often concentrically limited, or show annular sco-
tomas (Jansen, 1966). 
The ERG is usually abnormal. Bohrmger et al. (1960) found a slightly re-
duced amplitude of the scotopic B-wave, while Jansen (1966) recorded a sub-
normal response of both the photopic and the scotopic ERG in most eyes. He 
found no distinct changes in dark adaptation m most of his patients. 
Colour vision is normal in most patients in whom no significant media 
opacities have developed (Pinckers, 1970). 
The EOG often shows a subnormal ratio (Pinckers, 1970). 
lO.l.b Histopathology 
Only a few specimens from patients with Wagner's syndrome have been exam-
ined histologically. The specimens described by Alexander and Shea (1965) 
showed severe changes resulting from late complications such as retinal de-
tachment, haemorrhages, and probably glaucoma Bohrmger et al. (1960) 
described specimens in a much better condition, obtained from two members 
of the family described by Wagner. The same specimens were examined in de-
tail by Manschet (1971). Histologically, the circular white rim ophthalmo-
scopically observed around the mid-periphery of the fundus proved to be the 
site at which a preretinal membrane which centrally adhered to the retina, 
curved away from the retina to end freely in the periphery of the vitreous 
space. Manschot (1971) wrote "It appears as if the preretinal membrane 
originates from a splitting within the nerve fibre layer or — at the periphery — 
from a detachment of almost the whole nerve fibre layer" 
Most of the retina showed a normal structure. No structures were histo-
logically visible in the centre of the vitreous space. The retina showed areas of 
cystic degeneration and atrophy. The retinal periphery contained pigment-
ations, especially along the retinal vessels. The atrophic retinal changes were 
very variable beside histologically nearly intact retinal areas there were areas 
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which showed pronounced atrophy. The few vessels visible in the retinal peri-
phery showed a swollen vascular wall. The choroid was likewise atrophic. At 
no site were inflammatory changes found (Böhringer et al., 1960). 
10.1.с General manifestations: clef ting syndromes 
Apart from the ocular symptoms, the family described by Wagner showed no 
general symptoms which might be related to the eye disease. In later descend­
ants in the same family, Bóhringer (1960) found no general manifestations 
either. The two families described by Jansen (1966) likewise showed no gen-
eral symptoms. 
In 1939 Friedman described a family with Wagner-like changes of the peri-
pheral fundus, retinal detachment and cataract, in which several members also 
showed craniofacial peculiarities: prominent lower jaw, hypertelorism and 
dental anomalies. 
In the past two decades, several publications have described families with 
Wagner-like fundus and vitreous changes and cataract, in which widely diverse 
general abnormalities were found. The pedigrees of most of these families are 
compatible with autosomal dominant transmission. 
The most common accompanying general abnormalities include palato-
schisis, mid-facial flattening, hyperextensible joints and mild spondylo-
epiphyseal dysplasia (Delaney et al., 1963). The general and ocular symptoms 
can be found combined in one family or in one patient. In such cases the con-
dition is currently often described as Stickler syndrome (Stickler et al., 1965; 
Van Balen and Falger, 1970; Blair et al., 1979). 
Several families or individuals show only a few of the abovementioned 
general symptoms. In view of this, some authors divide the patients into sub-
groups. The presence of general symptoms such as dwarfism or hearing loss 
(Maumenee, 1979) can make the classification of symptoms very complex. 
Gorlin and Knobloch (1972) distinguished a great many hereditary syndromes 
which can be associated with retinal detachment. Several of these syndromes 
show autosomal dominant transmission, but in others autosomal recessive 
transmission seems likely. 
It has so far remained uncertain whether the familiss in which only ocular 
symptoms are described, are genetically related to or identical with families in 
which general symptoms occur in addition to the vitreoretinal lesions. 
Knobloch's conclusion (1975) that Wagner's syndrome is associated with 
"generalized epiphyseal dysplasia" does not seem to be justified in all famUies. 
The chance that general symptoms were present but not identified in the 
large families described by Wagner (1938), Bóhringer et al. (1960) and Jansen 
(1966) seems very small. 
I personally examined several members of the families described by Jansen 
(1966) as well as patients in three other families with Wagner's syndrome: 
none of them showed distinct symptoms of the Stickler syndrome. 
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At this time it seems justifiable, as Deutman (1977) pointed out, to regard 
Wagner's syndrome and the clefting syndromes as different entities, however 
similar the ocular symptoms may be. For the time being the designation 
Stickler syndrome should be reserved for families which, in addition to the 
vitreoretinal changes, show the non-ophthalmological abnormalities of the 
syndrome. 
lO.l.d Fluorescein-angiographic study of the circulation of the equatorial 
retina and choroid in Wagner's syndrome 
Subjects and methods 
From three pedigrees with Wagner's vitreoretinal degeneration we selected 
patients not older than 30. In order to ensure sufficient quality of equatorial 
fundus photography we accepted only subjects without lens opacities (a rather 
frequent compbcation even in young patients with Wagner's syndrome), who 
were capable of full mydriasis. We succeeded in obtaining adequate fluore-
scein angiograms of the peripheral fundus in six cases. 
Colour photographs and fluorescein angiograms were made of the posterior 
pole and peripheral fundus in different quadrants. In all cases the early ex-
posures of the angiograms were made of an equatorial region selected after 
examination by indirect ophthalmoscopy. 
Our patients 1, 2 and 3 were three affected sisters from a large pedigree 
with Wagner's syndrome Our patient 4 and her mother, patient 5, had only 
recently been seen for the first time, and their pedigree had not yet been 
studied. Patient 6 was a member of the large family described by Jansen 
(1966). 
None of our patients showed orofacial or skeletal symptoms of the kind 
seen in the Stickler syndrome. Our six patients all showed an optically empty 
vitreous space, pervaded by a few vitreous membranes of the type character-
istically found in Wagner's vitreoretinal degeneration. 
The results of this study have been recently published (Van Nouhuys, 
1981b) 
Case histories 
Patient 1 (15-01-56) 
In both eyes of this 24-year-old woman the larger choroidal vessels were 
clearly discernible in the regions adjacent to the disc on the nasal side The 
vessels at the head of the optic nerve showed an inverse pattern (Figure 149). 
Large greyish-white areas of chorioretinal atrophy were visible along a circum-
ferential white line in the temporal half of both fundi Several clumps of pig-
ment and small circular strophic spots with pigmented edges were observed m 
these areas. 
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Figure 149. Patient 1. OD. Retinal vessels exiting from the disc in nasal direction. 
The early phase of the fluorescein angiogram of the temporal equatorial 
zone of OD showed, at 10 o'clock, a normal flush of the choriocapillaries 
central to the equator, but no filling of the choriocapiUaris in the atrophic 
areas; consequently the larger choroidal vessels were clearly visible (Figure 
150). The retinal vessels central to the equator showed normal perfusion but 
their pattern was abnormal: the superior temporal vessels curved down and 
the inferior temporal vessels showed an upward deviation as they approached 
the posterior border of the atrophic areas. The terminal branches of these 
vessels ended abruptly near this border, the peripheral retina being completely 
avascular (Figure 151). 
Fluorescein angiography of OS likewise revealed extensive areas of atrophy 
of the choriocapillaris and pigment epithelium in the temporal half, with non-
perfusion of the retina (Figure 152). On the nasal side the retina showed a 
normal vasculature in equatorial regions, and no visible areas of atrophy of 
the choroid and pigment epithelium. 
Patient 2 (08-07-61) 
Both fundi of this 18-year-old sister of patient 1 showed several oblong, 
whitish, sharply defined lesions in the temporal periphery (Figure 153). The 
retina in these areas was very thin and atrophic, and showed a few small de-
fects. Early-phase fluorescein angiography at 3 o'clock of OS revealed poor 
filling of the choriocapillaris anterior to the equator. There was no discernible 
perfusion of the retina in and anterior to the atrophic areas (Figure 154). 
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Figure 150. Patient 1. OD. Absence of the flush of the peripheral choriocapillans in the 
early phase of the angiogram. 
Figure 151. Patient 1. Same area as in Figure 150. Late phase of the angiogram showing 
atrophic changes of the retinal pigment epithelium and non-perfusion of the retina peri-
pheral to the equator. 
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Figure 152. Patient 1. OS. Late phase of the angiogram showing non-perfusion of the 
temporal retinal periphery. 
Figure 153. Patient 2. OD. Sharply defined white lesions near the temporal equator. 
Retinal vessels terminate central to these lesions. 
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Figure 154. Patient 2. OS. Early venous phase of the angiogram of the temporal equa-
torial zone. 
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Figure 155. Patient 2. OD. Late phase ol the angiogram showing aberrant course of reti-
nal vessels central to the atrophic lesions (arrow). 
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Late-phase angiograms of the temporal equatorial fundus of OD showed a 
deviating course of the retinal vessels near the central margin of the atrophic 
areas. One vessel, however, extended through part of an atrophic area (Figure 
155), produced a few ramifications in posterior direction and took an aberrant 
recurrent course. The retina anterior to the equator was not perfused. 
Patient 3 (06-03-64) 
This 16-year-old sister of patients 1 and 2 showed extensive whitish areas of 
chorioretinal atrophy, confined almost exclusively to the temporal half of the 
fundi anterior to the equator. Only a few delicate clumps of pigment were 
visible in these areas. We selected the mid-periphery of OD at 10 o'clock for 
fluorescein angiography. 
Figure 156A shows the early exposures of this area: central to the equator 
the larger choroidal vessels and part of the choriocapillaris were already filled, 
but no fluorescein had entered the peripheral choroid. A normal choroidal 
flush was visible centrally 3 seconds later. There was filling of some large 
choroidal vessels in the equatorial zone as well as of a few smaller vessels with 
terminal ramifications to remnants of the almost totally absent choriocapillaris 
(Figure 156B). Figure 157 shows a late-phase exposure of the same region: 
anterior to the equator there was hyperfluorescence due to depigmentation of 
the pigment epithelium. Retinal vessels were arranged more or less parallel to 
the central margin of the atrophic periphery. Only two vascular branches ex-
tended through the otherwise avascular peripheral retina. Fluorescein angio-
graphy of similar regions in OS was not performed because the patient became 
nauseated after injection of fluorescein. 
Patient 4 (04-09-69) 
This 10-year-old girl was referred to our department with retinal detachment 
OD, caused by a round hole in a peripheral area of chorioretinal atrophy at 
9 o'clock. Fluorescein angiography was performed a few days after a success-
ful encircling operation. The inverse pattern of the vessels at the disc was very 
pronounced. In both eyes the macula showed ectopia to a position very close 
to the disc. Marked atrophy of the choriocapillaris and pigment epithelium 
was visible in the posterior fundus on the nasal side of the optic nerve head. 
Peripheral areas of chorioretinal atrophy were seen in the equatorial zone 
of the temporal half of both fundi (Figure 158A). Some of these areas were 
also found in the superior nasal quadrants. We selected the equatorial region 
of OS at 2 o'clock for fluorescein angiography. 
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Early-phase exposures revealed a nearly absent choriocapillaris and very 
atrophic pigment epithelium (Figure 158B). The late phase showed hyper-
ñuorescence in the atrophic area and deviant retinal vessels posterior to its 
central margin (Figure 158C). An interesting finding was that part of the 
whitish atrophic area showed hyperfluorescence in the late-phase exposures 
(compare Figure 158A with Figure 158C). No pigment clumps were found in 
this part, with an apparently normal pigment epithelium. 
Patient 5(08-10-49) 
Both peripheral fundi of this 30-year-old mother of patient 4 showed more 
extensive temporal areas of chorioretinal atrophy with sharply defined margins. 
Figure 159 shows the early-phase fluorescein angiogram of OS at 2 o'clock: 
no flush of the choriocapillaris and depigmentation of the retinal pigment epi-
thelium anterior to the equator. The more central vessels were deflected and 
arranged more or less parallel to the posterior margin of the aberrant zone. 
Figure 156. Patient 3. A) OD. Early phase of angiogram of superior temporal quadrant. 
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Figure 157. Patient 3. Late phase of the angiogram of the same area as in Figure 156. 
Figure 156. B) Same area as in 156A, but 3 seconds later: disturbed perfusion of the 
peripheral choriocapillaris. 
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Figure 158. Patient 4. A) OS. Sharply defined white areas encompassing pigment deposits 
in the equatorial zone of the superior temporal quadrant. Central to these areas, a 
vitreous membrane attaches to the retina (arrow). B) The same area as in 158A. Larly 
phase of the fluorescein angiogram. C) The same area as in ISSAand 158B. Late phase 
of the angiogram. 
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Figure 158. С) The same area as in 158A and 158B. Late phase of the angiogram. 
However, a single arterial branch took a radial course through the area of 
chorioretinal atrophy. Anterior to this lesion the vessel curved back, bifurcated 
and ended in a few short terminal ramifications at the posterior margin (Figure 
160). Argon laser photocoagulation of the upper temporal quadrant of OD 
was performed in view of retinal degeneration, although no breaks were 
found. As in OS, retinal vessels were found arranged parallel to the posterior 
margins of almost avascular areas of chorioretinal atrophy. 
Patient 6 (09-01-62) 
This 18-year-old male was an effected member of a large family with Wagner's 
vitreoretinal degeneration. The posterior poles of both eyes showed only a 
slightly abnormal vascular configuration at the disc, and scanty areas of cho­
roidal atrophy were seen in the peripheral fundi; these were virtually confined 
to the temporal side. No retinal breaks were visible within these areas. Early-
phase fluorescein angiograms of OS at 2 o'clock showed delayed, incomplete 
filling of the choriocapillaris. In this area the larger choroidal vessels were not 
visible (as they were in the other patients), probably because the pigment epi­
thelium showed less marked depigmentation. Late-phase angiograms revealed 
very slight leakage from some retinal vessels — a phenomenon not observed in 
the other patients (Figure 161). The configuration of the vessels, with their 
deflection at the central margin of the atrophic areas, leaving them devoid of 
vasculature, was similar to the pattern observed in the other patients. 
Discussion 
The peripheral fundi in our six patients with Wagner's vitreoretinal degener­
ation showed areas with an aberrant choroidal and retinal structure. The 
characteristic features of these areas can be summarized as follows. 
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Figure 159. Patient 5. OS. Arteriovenous phase of the fluorescein angiogram showing 
marked anomalies of the choroid and retinal pigment epithelium anterior to the equator. 
Non-perfusion of the peripheral retina. Note the abnormal configuration of the retinal 
vessels. 
They were localized mainly in the temporal equatorial zone of the fundus, 
mostly in the superior quadrant, and always anterior to circumferential 
white line. Along this line — which is a well-known feature in Wagner's syn-
drome — vitreous was attached to the retina. 
The neuroretina presented a whitish appearance, often in well-defined areas. 
The preretinal vitreous was liquefied, and consequently it was impossible to 
distinguish vitreoretinal adhesions along the margins of these areas. 
Gross pigment deposits were always present in at least some of the areas, 
but no pigmentations were found outside the areas in the cases described. 
In other patients with Wagner's syndrome, however, we have observed 
clumps of pigment in more posterior parts of the fundus, often in association 
with degenerated retinal vessels. 
Figure 160. Patient 5, OS. Late phase showing curved and recurrent vascular branches in 
the equatorial retina. 
The following findings were most prominent at fluorescein angiography: 
Absence of retinal vessels and consequently non-perfusion of the retina in 
and anterior to the aberrant areas. In a few cases some of the areas showed 
the presence of a single retinal vessel. The course and ramifications of such 
a vessel were usually abnormal (Figures 155 and 160). No signs of vascular 
occlusion were found in the areas of non-perfusion. 
Abnormal retinal vascular pattern central to the posterior margin of the 
peripheral atrophic areas. In most cases these vessels deviated from a more 
or less radial course to the periphery to a course which paralleled the pos-
terior margin of the atrophic areas (Figures 151 and 159). Some of the 
smallest branches ended abruptly at the central margin of the aberrant areas. 
Poor filling of the choriocapillaries was clearly observed on the early-phase 
angiograms of the equatorial fundus (Figures 156B, 158B and 159). The 
larger choroidal vessels were visible in these areas. 
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ligure 161. Patient 6. OS. Slight leakage from peripheral retinal vessels. 
Depigmentation of the retinal pigment epithelium, the late-phase angio-
grams showing hyperfluorescence of the atrophic areas (Figure 158C). 
I have so far described the abnormal peripheral fundus areas as atrophic 
because the choroid, pigment epithelium and neuroretina presented an atro-
phic appearance. The question arises, however, whether these changes were 
really caused by degeneration of a once normal choroid and retina or resulted 
from a developmental disorder. There are two important arguments in favour 
of the latter possibility. 
The aberrant areas were equally evident in all our patients, even in the 
youngest. This suggests a developmental disorder. 
The completely abnormal configuration of retinal vessels at the posterior 
margin of these areas could only be explained by disturbed development. 
The absence of occluded vessels in the non-perfused temporal periphery 
also demonstrated that retinal vasculature never developed in this part of 
the fundus. 
I consider these findings to be evidence in support of the conclusion that 
the aberrant areas in the temporal equatorial zone of the fundus were caused 
by underdevelopment, and that these areas were therefore dysplastic rather 
than atrophic. 
What remains to be established is the mechanism which effects the blockade 
of developing retinal vasculature at the equator in Wagner's syndrome. The 
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early-phase fluorescein angiograms of some of our patients (3, 4 and 5) 
showed that the smaller choroidal vessels and choriocapillaris were poorly de-
veloped in the peripheral dysplastic areas. 
Before it is vascularized, the retina depends for its nutritional supply on 
the choriocapillaris, once regression of the hyaloid system has occurred. In 
my opinion, one of the primary lesions in the fundus of our patients must be 
hypoplasia of the choriocapillaris in equatorial areas. This hypoplasia probably 
causes damage to the pigment epithelium and neuroretina (due to hypoxia) 
before retinal vessels develop in this part of the fundus during the final months 
of gestation. When the retinal vessels reach the posterior margins of the dys-
plastic areas, the structure of the damaged neuroretina is probably too inferior 
to permit them to develop in it. The aspect of the retinal vasculature central 
to the dysplastic areas suggests that there can be no question of a primary 
disorder of these vessels themselves, as in the case of, for example, DEVR. 
The structure of these vessels was generally normal in our patients, and 
leakage was seen in only one case. The vitality of the vessels was demonstrated 
by the fact that most of them extended central to the blockade of the dys-
plastic areas or grew back in central direction. They had pushed away the 
more posterior vessels. This process had led to a more or less parallel arrange-
ment with increased packing of retinal vessels at the posterior margin of the 
dysplastic areas (Figures 151 and 159). 
It is important to distinguish the peripheral areas of chorioretinal dysplasia 
from lattice degeneration, which is a rather frequent finding in Wagner's syn-
drome. In view of the equatorial localization, the whitish retinal thinning 
with sharp demarcations and the pigment deposits, lattice degeneration may 
be mistaken for chorioretinal dysplasia. In lattice degeneration, however, an 
aborizing network of small white blood vessels is nearly always seen, whereas 
no remnants of degenerated vessels are found in areas of chorioretinal dys-
plasia (this is due to non-development of retinal vasculature in these areas, as 
previously pointed out). 
The areas of chorioretinal dysplasia are usually larger than the elongated 
oval lesions of lattice degeneration. A third difference is the absence of an ab-
normal configuration of adjacent retinal vessels in lattice degeneration. 
The occurrence of chorioretinal dysplasia as well as lattice degeneration 
demonstrates the ambiguous character of Wagner's syndrome: it is a develop-
mental as well as a degenerative disorder. 
The most conspicuous finding in Wagner's syndrome is extensive liquefac-
tion of the vitreous. Wagner (1938) always regarded this abnormality as a de-
velopmental disorder because it was present even in the youngest patients. 
Although there is still some speculation about the origin of the secondary vit-
reous, most investigators hold that it is produced by retinal Müller cells. The 
dysplastic peripheral retinal areas may have contributed to the production of 
aberrant vitreous. 
Retinal breaks are frequently observed in Wagner's syndrome. Of 70 eyes 
318 
examined by Hirose et al. (1973), 59 (75%) showed a retinal break with or 
without retinal detachment, and surprisingly many were found in young 
patients. Retinal breaks were much more common in the temporal half of the 
fundus (67%) than in the nasal half (33%). Many patients showed multiple 
breaks at different distances from the ora serrata. 
This predilection of breaks for the temporal periphery is probably a conse-
quence of the temporal localization of the peripheral areas of chorioretinal 
dysplasia. In these areas the retina is very thin due to the combination of 
poor choroidal and absent retinal blood supply. This atrophy of all retinal 
layers can easily give rise to a break. In our patients 2 and 4 we observed small 
circular retinal holes in the peripheral dysplastic areas. The retinal detachment 
in our patient 4 was caused by such a break. The frequent occurrence of reti-
nal breaks in young patients supports my theory that these breaks are caused 
by congenital failure of the circulation in the peripheral choroid and retina. 
In older patients, however, equatorial and lattice degeneration may contribute 
to the formation of retinal breaks. 
Figure 162. Patient 5. OS. Fluorescein angiogram. A) The configuration of retinal vessels 
in the posterior pole and the macular ectopia suggest nasal displacement of these struc-
tures during development. 
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IO. I.e Pathogenesis of the aberrant configuration of retinal vessels in the 
posterior pole and ectopia of the macula 
An aberrant configuration of retinal vessels in the posterior pole is a frequent 
finding in Wagner's syndrome. This anomaly is often especially pronounced 
near the disc: the large ramifications of the central retinal artery and vein 
exit over the lamina cribosa in nasal direction. Particularly the temporal 
branches deflect in temporal direction at some distance from the disc (Figure 
149). The incidence of this aberrant configuration of retinal vessels near the 
disc varies widely in Wagner's syndrome, and ranges from hardly discernible 
to pronounced forms as shown in Figure 162A. The vessels exiting from the 
disc always extend in nasal direction. This is why some authors use the term 
"inversed disc" (Jansen, 1966). The disc itself, however, is normally implanted, 
and the abnormalities involve only the retinal vessels. The position of the 
macula can be normal, but extopia of the macula is often seen when the 
changes in the vascular pattern are very marked. In cases known to me, the 
macular ectopia was always also in nasal direction. 
Figure 162. B) Closely packed parallel vessels in the temporal fundus. These vessels have 
been unable to develop in the dysplastic zone (right half of photograph), as clearly de-
monstrated by the course of one vessel along the central boundary of this zone (arrows). 
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The posterior pole of OS in our patient 4 showed the most extreme macu-
lar ectopia I have ever observed in Wagner's syndrome: in this case the foveola 
was seen close to the temporal margin of the disc. 
The aberrant vascular configuration in the posterior pole and the macular 
ectopia in Wagner's syndrome indicate displacement of the blood vessels and 
probably also of other structures of the neuroretina in nasal direction. 
In Wagner's syndrome the preretinal vitreous contains no structures which 
might have caused significant tractional deformation of the retina (the only 
discernible structure in the vitreous is the delicate vitreous membrane central 
to the equator, which causes no retinal deformation even near its attachment 
to the retina). 
There are therefore sound reasons to assume that the anomalies in the pos-
terior pole are not acquired but result from a developmental disorder. 
In my opinion the deformation of the retinal vasculature in the posterior 
pole in Wagner's syndrome has developed in response to the inability of the 
more peripheral ramifications to grow in the dysplastic zones (Figure 162B). 
We have already mentioned the abnormal arrangement of retinal vessels cen-
tral to these dysplastic areas, where parts of the vasculature seem to have 
been pushed back due to lack of room during development. Since the dys-
plastic areas are localized mainly in the temporal equatorial zone, developing 
parts of the vasculature have been pushed back mostly in nasal direction. This 
displacement has not confined itself to the peripheral vessels but has con-
tinued into the posterior pole of the fundus (Figure 163). 
10.2 Sex-linked retinoschisis 
Sex-linked juvenile retinoschisis is a hereditary condition of the neuroretina 
which involves both the posterior pole and the periphery of the fundus. Jager 
(1953), Balian and FaUs (1960), Ricci (1961), Ewing and Ives (1969) and 
Deutman (1971). Many other authors have described smaller families or indi-
vidual patients. 
I do not intend to present a detailed discussion of all aspects of this disease, 
but rather refer to relevant publications by Franchescetti et al. (1963) and 
Deutman (1971). 
However, a few less widely known symptoms sometimes observed in sex-
linked juvenile retinoschisis merit special attention. They are: ectopia of the 
macula, deformation of the retinal vessels in the posterior pole, and vascular 
changes in the peripheral retina. 
10.2.a Clinical symptoms 
Sex-linked juvenile retinoschisis as a rule manifests itself in boys of pre-school 
or school age by diminished visual acuity ODS, sometimes accompanied by 
nystagmus or strabismus. The reduced visual acuity results from retinoschisis 
in the macula. The changes in the posterior pole are often subtle, and fundus 
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Figure 163. Schematic representation of the pathogenesis of the nasal displacement of 
retinal vessels in Wagner's syndrome (fundus OS). A) Situation by about the 6th -7th 
month of foetal development. A few dysplastic areas in the temporal fundus. Develop-
ment of retinal vessels has so far been normal. B) During the final months of intra-uterine 
development the temporal vascular branches have reached the central boundary of the 
dysplastic zones. Further growth pushes more central parts of the vascular network in 
nasal direction (arrows). 
examination with slit-lamp and contact lens is indispensable in identifying the 
lesions. A characteristic feature is the presence of a delicate, wheel-like struc-
ture at the centre of the posterior pole, within which small cysts are often 
visible in the superficial retinal layers. Around this structure the internal lim-
iting membrane shows delicate radial folds extending in all directions in the 
posterior pole. 
The changes in the posterior pole usually disappear gradually with increasing 
age, while less specific atrophic changes of the macula persist (Deutman, 1971). 
Nearly always there are glittering white areas throughout the fundus. They 
are reminiscent of Berlin's oedema (Bengtson and Linder, 1967). True retino-
schisis as a rule occurs bilaterally in the periphery of the inferior temporal 
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quadrant. Although changes in the posterior pole were found in virtually all 
cases of sex-linked juvenile retinoschisis, peripheral retinoschisis was observed 
in only about 50% of cases (Ewing and Yves, 1969). Gross pigment deposits 
may be found scattered in the fundus (Sabates, 1966), and fluorescein angio-
graphy often clearly reveals changes of the pigment epithelium (Constantaras 
et al., 1972). 
Movable veils are often (but by no means always) found in the vitreous. 
They are usually attached to the retina and sometimes encompass parts of the 
retinal vasculature. In such cases these structures are quite unmistakably 
loosened parts of the inner retinal layers which, due to ruptures in these layers, 
often show hardly any connection with the retina. The detached avascular 
veils sometimes found in the vitreous probably also originate from the inner 
retinal layers. Detachment of the posterior vitreous membrane is a very com-
mon finding in sex-linked juvenile retinoschisis. Anterior vitreous detachment 
can also occur (Bailian and Falls, 1960; Lisch, 1968). 
10.2.b Vascular changes 
Although vascular changes are not prominent in sex-linked juvenile retino-
schisis, the condition is sometimes associated with interesting phenomena in 
the retina. The retinal vasculature may show the following changes. 
Deformation of the vascular bed. Abnormal configuration of the blood 
vessels in the loosened parts of the neuroretina is of course to be expected, 
because these retinal structures are themselves subject to morphological 
changes. Rupture of vessels can sometimes cause haemorrhages between 
the separated retinal layers (Conway and Welch, 1977). 
A more interesting feature is the vascular deformation which occurs in 
attached parts of the retina. Figure 164 is a fluorescein angiogram of an 
area in the inferior temporal quadrant of the left fundus, central to the 
equator. It shows temporally extending stretched vessels which merge into 
the central part of the cleavage. The posterior poles ODS in this case show 
a vascular configuration highly reminiscent of that of DEVR, with pro-
nounced inferior temporal ectopia of the macula (Figure 165 A and B). It 
seems likely that the deformation in the posterior poles results mainly 
from traction exerted by the peripheral retinoschisis. The literature has so 
far paid scant attention to such phenomena in sex-linked juvenile retino-
schisis, probably because pronounced changes of the kind described here 
are rare. Nevertheless, examination of fundus photographs in these cases 
shows that slight macular ectopia is not rare. In some exceptional cases of 
sex-linked juvenile retinoschisis there may even be a small radial fold in the 
posterior pole (Figure 166). 
Degeneration of the vascular wall. White vascular sheaths are not uncom-
mon in sex-linked juvenile retinoschisis. Identical changes are sometimes 
observed in Wagner's syndrome, but not in DEVR. 
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Figure 164. OS. Stretched vessels in the retina centrai to the retinoschisis (top). The 
blood vessels bottom right are localized within the region of retinal cleavage. 
Incomplete vascularization of the peripheral retina is an interesting pheno-
menon, observed only in a minority of patients with sex-linked juvenile 
retinoschisis. The avascular temporal retinal periphery is bounded on the 
central side by a zone of aberrant, underdeveloped capillaries (Figure 167). 
These vessels are often sclerotic and present themselves as the whitish, den-
drite-like structures described by Balian and Falls (1961) and Cibis (1965). 
Ewing and Ives (1969) considered these structures to originate from vessels. 
Identical whitish degeneration of the most peripheral capillaries can also 
be seen in DEVR (Chapter 3, Figure 20). Fluorescein angiography of such 
areas in sex-linked juvenile retinoschisis can sometimes reveal exactly the 
same features as in DEVR (see Bee et al., 1980). 
The above described findings imply that some cases of sex-linked juvenile 
retinoschisis involve premature arrest of the development of the peripheral 
retinal vasculature which closely resembles that observed in DEVR. 
A possible explanation of the peripheral retinal vascular developmental dis-
order in some patients with sex-linked juvenile retinoschisis is that the retino-
schisis in these cases occurs before completion of retinal vascularization during 
the intra-uterine period. It is quite conceivable that the cleavage in the nerve 
fibre layer of the retina, which in the peripheral retina contains the majority 
of the blood vessels, precludes further development of the latter. It is beyond 
doubt that the vascular network can become severely damaged in sex-linked 
juvenile retinoschisis, and that the connections between the superficial blood 
vessels and those localized at a slightly deeper level in the nerve fibre layer, 
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Figure 165, Macular ectopia in OS (A) and OD (В) of a patient with se\-linkcd juvenile 
retinoschisis. 
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Figure 166. OS. Small retinal fold in the macular region in sex-linked juvenile rctino-
schisis. Slight superior ectopia of the macula. Similar changes were present in OD. 
can be disrupted. Symptoms of such disruption are visible in Figure 167, 
where some blood vessels seem to terminate abruptly. Should such incidents 
occur in the course of the intra-uterine period, they should certainly interfere 
with the development of the peripheral retinal blood vessels. 
10.2.C Histology and pathogenesis 
Yanoff et al. (1969) were the first to describe the histopathological changes 
in sex-linked juvenile retinoschisis. They established that the cleavage of the 
neuroretina occurs in the nerve fibre layer. The site of the cleavage distinctly 
differs from that in senile retinoschisis, in which the changes are mostly con-
fined to the outer plexiform layer. Microscopic changes of the retinal vessels 
were not observed. 
The pathogenesis of the cleavage of the inner retinal layers has so far re-
mained obscure. The primary defect may be localized in the Müller cells, as 
Yanoff et al. (1968) suggested; but it cannot be excluded that the nerve 
fibres play a role in the pathogenesis of the changes (Manschot, 1972). 
The ERG always shows abnormalities in sex-linked juvenile retinoschisis 
(Ricci, 1960; Forsius et al., 1963). The B-wave is clearly reduced in many 
cases. Since the B-wave probably originates largely from the Müller cells (Miller 
and Dowling, 1970), the ERG abnormalities might be compatible with a pri-
mary defect of these cells. 
The role played by the retinal vessels and peripheral retinal circulation in 
the pathogenesis of the retinoschisis is not clear. Some authors (Ewing and 
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1· igure 167. Vascular anomalies in the equatorial retina in sex-linked juvenile retinoschisis. 
Ives, 1969) consider it possible that vascular changes might be of primary im-
portance for the retinal cleavage. In my opinion it is more likely that the reti-
nal vascular changes are a result of the retinoschisis rather than its cause. 
10.3 Juvenile rhegmatogenous retinal detachment 
Several authors have reported on fluorescein-angiographic examination of the 
peripheral fundus in patients with non-traumatic rhegmatogenous retinal de-
tachment and/or their relatives. Amalric (1969) presented peripheral angio-
graphic changes found in a 15-year-old sister of a 17-year-old female with 
rhegmatogenous retinal detachment as a result of multiple retinal defects. The 
aberrant configuration of the peripheral retinal vessels with abnormally nu-
merous terminal ramifications ending in a zone which comprised leaking neo-
vascularizations and the familial occurrence of the peripheral retinal anomalies, 
strike me as highly suggestive of DEVR. 
Rosen (1968) demonstrated angiographic perfusion disorders in three 
patients with rhegmatogenous retinal detachment. Their retinal detachment 
resulted from a horseshoe rupture, multiple small retinal defects, and disin-
sertion of the retina, respectively. The angiographic changes in these eyes 
varied widely, and in no case was the fluorescein angiogram suggestive of an 
abnormal development of the retinal vasculature. 
Tatsuyama and Shimizu (1972) performed fluorescein angiography in 26 
patients with rhegmatogenous retinal detachment of different age and with 
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different clinical symptoms. The authors generally found disturbed perfusion 
in equatorial degenerative areas which comprised retinal defects. They regarded 
these circulatory disorders as due to obliteration of peripheral retinal vessels. 
No angiographic findings suggestive of DEVR were obtained in this series of 
patients. 
Wessing (1974) made some interesting observations in patients with retinal 
detachment. He described "fan-shaped formations abruptly ceasing posterior 
to the degenerative area". The peripheral ramifications of retinal vessels were 
abnormally stretched and very closely packed, giving the impression of an in-
creased number of blood vessels. The angiograms (Wessing, 1974) strike me as 
suggestive of DEVR, or at least of disturbed vascular development. By virtue 
of the absence of fluorescein leakage from these vessels, the angiographic 
features were identical with those found in our H family (Chapter 3). 
Wessing's observation (1974) that the formations of peripheral retinal 
vessels were mainly found in young patients, is quite compatible with the 
theory of a developmental disorder. 
Minoda and Kanagami (1976) performed fluorescein angiography in 100 
patients with rhegmatogenous retinal detachment, and in many eyes found 
total avascularity of the peripheral retina. The retinal vasculature ended in 
numerous terminal ramifications and arteriovenous anastomoses from which 
fluorescein leaked. The demarcation between vascular and avascular retina 
was well-defined; it was straight in some cases, but meandered in others. A 
similar pattern was often observed in the contralateral eye with an attached 
retina. 
Several angiographic illustrations in the article published by Minoda and 
Kanagami (1976) are identical with the angiogram of vascular anomalies in 
our patients with DEVR. In my opinion the findings suggest disturbed vas-
cular development rather than changes secondary to retinal detachment. 
Identical changes can result from RLF. The article presents no information of 
the patients' neonatal histories, nor on ocular symptoms (if any) in members 
of their families. 
Numaga and Miyakubu (1981) found fluorescein-angiographic evidence of 
peripheral retinal vascular anomalies in 20% of 51 eyes of 45 patients with 
retinal detachment who were younger than 20. The lesions very closely re-
sembled those of RLF, but none of the patients had been born prematurely. 
The authors rightly concluded that the symptoms indicated a vascular develop-
mental disorder as a factor in the pathogenesis of the retina] detachment. In 
my opinion the angiographic findings in their patients are identical to those 
obtained in DEVR. In their summary at least, the authors make no mention 
of a family study. 
10.3.a Personal observations 
Our experience with peripheral fluorescein angiography in younger patients 
(not over 25) with non-traumatic rhegmatogenous retinal detachment is 
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limited to about 10 cases. In one of these patients the fluorescein-angiographic 
findings were an important aid in diagnosing DEVR (IV-6 H). The remaining 
9 patients included 8 in whom the peripheral retina showed no angiographic 
changes clearly suggestive of retinal vascular developmental disorder. In one 
18-year-old patient with recent rhegmatogenous retinal detachment, perfusion 
of the peripheral retina was abnormal in both eyes. The findings obtained in 
this patient and his nearest relatives are reported below. 
Patient 11-1(14-01-62) 
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Figure 168. Pedigree of the family of patient II-l (14-01-62) 
History 
Visual complaints OS since two weeks. No trauma. No eye diseases known in 
the family. No record of premature birth or neonatal oxygen administration. 
Ophthalmological examination 
Visual acuity VOD: Cyl. - 2.0 axis 3° 1.0. 
VOS: 0.1, uncorrected. 
Vitreous OD: Mild syneresis. 
OS: Mild syneresis; pigment particles. 
Fundi OD: Whitish degenerative area in the superior 
temporal quadrant with a few small retinal de-
fects. 
OS: Rhegmatogenous retinal detachment in 
both temporal quadrants. A whitish retinal area 
in the superior temporal quadrant contains a 
few small circular defects. 
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Fluorescein angiogram OD: No retinal perfusion peripheral to the 
equator in the temporal equatorial zone. The 
configuration of the vessels central to the equa-
tor is not clearly abnormal. 
OS: Fluorescein leakage in the area posterior to 
the temporal equator in the detached retina. No 
perfusion of the peripheral retina (Figure 169). 
Family study 
All family members were ophthalmologically examined, including biomicro-
scopy of the peripheral fundus in full mydriasis. The patient's father (1-1) 
showed marked syneresis of the vitreous ODS, but no other abnormalities. 
The patient's mother (1-2) and sister (II-2) showed no abnormalities. The 
retinal periphery in both brothers showed no distinct retinal vasculature an-
terior to the equator in the temporal half, but a vascular configuration of the 
type seen in DEVR was not found. One of the brothers (11-4) showed a few 
small white spots in the inferior temporal quadrant of the retinal periphery 
OD. 
Examination of 11-3 (19-12-65) 
Fluorescein angiogram OD: The retinal vasculature in the inferior tem-
poral quadrant seems to terminate anterior to 
the equator. The peripheral boundary is partly 
formed by curved venous branches which 
Figure 169. II-l. OS. Late phase of angiogram showing leakage from equatorial vessels in 
the detached retina. The peripheral retina seems to show non-perfusion. 
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present the appearance of arcade vessels. No 
fluorescein leakage from these vessels (Figure 
170). 
OS: The inferior temporal quadrant shows 
virtually the same abnormal features as in OD. 
Examination of 11-4 (10-05-6 7) 
Fluorescein angiogram OD: The temporal retinal vasculature ends ante-
rior to the equator. The most peripheral parts 
of the vascular network are of very low density. 
Arcade vessels form the peripheral demarcation 
(Figure 171). 
OS: The peripheral retinal vessels again seem to 
end anterior to the equator. A few scars of the 
pigment epithelium are seen in the non-perfused 
zone. 
Discussion 
The fluorescein angiograms of the three brothers all suggest a somewhat ano-
malous vascular development of the peripheral retina. Near the equator the 
retinal vascular network is of strikingly low density, and the vasculature ends 
slightly peripheral to the equator. A striking finding is that the most peripheral 
parts of the vasculature shows a normal configuration even with the presence 
Figure 170. II-3. OD. Fluorescein angiogram of the temporal periphery. 
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Figure 171.114. OD. Fluorescein angiogram of the temporal periphery. 
of arcade vessels, which, however, are not localized in the region of the ora 
serrata but only slightly peripheral to the equator. 
The extent to which these anomalies have been the cause of the retinal 
defects and retinal detachment in II-1 cannot be established with certainty. 
It is certain, however, that the retinal defects in this patient were found in 
the non-perfused part of the retina, and that consequently the non-perfusion 
of this part of the retina has probably played a role in their pathogenesis. 
The presence of these anomalies in the three brothers of course suggests 
that the condition is hereditary. The type of transmission is a matter of 
speculation in this small family. DEVR merits primary consideration in 
differential diagnosis from this condition, in which the configuration of the 
peripheral retinal vasculature differs from that in DEVR in that underdeveloped 
capillaries are not visible anywhere, there is no fluorescein leakage, and the vas-
cular pattern central to the equator is normal. 
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CHAPTER 11 
CONGENITAL BILATERAL ARTERIAL ANASTOMOSIS 
BETWEEN THE CHOROID AND THE PERIPHERAL RETINA 
Vascular anastomoses between the choroid and the retina can be either acquired 
or congenital. Acquired anastomoses have been described in conditions associ-
ated with lesions of Bruch's membrane, e.g. chorioretinitis due to toxoplas-
mosis (Saari et al., 1975), photocoagulation (Calinos et al., 1976), senile dis-
ciform degeneration of the macula (Green and Gass, 1971) and trauma 
(Goldberg, 1976a). 
Congenital anastomoses between the choroidal and the retinal circulation 
occur as asymptomatic vascular variants, e.g. cilioretinal arteries and opti-
cociliary arteries and veins near the disc. 
In a case recently reported by Slusher and Tyler (1980) there was a cilio-
retinal artery which did not communicate with the retinal circulation via a 
capillary bed, as usual, but showed a direct anastomosis with a retinal arterial 
branch. 
Daicker (1968) likewise reported on asymptomatic congenital retino-
choroidal anastomoses in the peripheral fundus. 
Van Nouhuys and Deutman (1980) described a female patient with con-
genital bilateral anastomoses between the peripheral choroid and retina which 
in one eye had led to significant visual loss. This patient's case history is pre-
sented here. 
Case history 
A 26-year-old woman was referred to us two weeks after she had noticed 
blurred vision OS. Her general medical history was unremarkable. 
Ophthalmological examination 
Visual acuity VOD: 1.25, emmetropia. 
VOS: 0.12, emmetropia. 
Anterior segments ODS: Normal cornea, anterior chamber and iris. 
Clear lenses. With a fully dilated pupil the in-
ferior margins of both lenses are visible from 4 
to 8 o'clock, where they are somewhat irregular. 
No gap is visible in the zonules. 
Vitreous ODS: A few punctate opacities. 
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Fundi OD: Normal posterior pole. A local not promi-
nent retinal detachment in the inferior periphery 
of the fundus extends in central direction slightly 
posterior to the equator. The retinal vessels in 
the detached area are deformed and irregular. 
Exudates are seen beneath the central part of 
the retinal detachment (Figure 172). No retinal 
breaks are visible. 
OS: The posterior pole shows preretinal gliotic 
membranes giving rise to an evident pucker of 
the macula. A few small retinal exudates are 
visible beneath this area (Figure 173). The in-
ferior periphery shows exudative retinal detach-
ment very similar to that in OD. The retinal 
vessels in the detached area are tortuous. A few 
small retinal haemorrhages are seen next to 
these vessels (Figure 174). 
Fluorescein angiogram OD: The early phase of the inferior equatorial 
area shows no filling of the choriocapillaris be-
neath the detached retina. One choroid artery 
in this area appears to be filled by fluorescein 
in centripetal direction (Figure 175A). Near the 
equator this artery produces several branches 
connected with dilatated, abnormal retinal 
Figure 172. OD. Stcreo-pholograph showing local exudative retinal detachment in the 
equatorial zone near 6 o'clock, and tortuous blood vessels. Note the choroidal blood 
vessel (arrow). 
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Figure 173. OS. Posterior pole with macular pucker. 
vessels (Figure 175B). Profuse leakage from these 
vessels rapidly stains the retina and subretinal 
fluid (Figure 175C). 
OS: A separate fluorescein angiogram was made 
for early-phase exposures of the area of exu-
dative detachment. A large choroid artery fills 
Figure 174. OS. Stereo-photograph showing local exudative retinal detachment near the 
equator (6 o'clock position). 
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with fluorescein in centripetal direction (Figure 
176A). Several branches of this artery are con-
nected with aberrant retinal vessels in the equa-
torial retina (Figure 176B). 
ERG and EOG ODS: Normal. 
General physical and laboratory findings 
General physical examination revealed no abnormalities. Laboratory findings 
(ESR, complete blood count, serum electrolytes, glucose, urea, nitrogen and 
alkaline phosphatase, Rose test, latex test, agglutination tests for toxoplas-
mosis, VDRL, serum protein electrophoresis and tests for abnormal haemo-
globins) were normal. So were X-rays of the chest and paranasal sinuses. 
Figure 175. OD. Fluorescein angiogram of the region shown in Figure 172. A) Centri-
petal filling of choroid artery (arrow) in the early phase. B) Slightly later exposure 
showing filling of several ramifications of the choroid artery. These ramifications com-
municate with retinal vessels. C) Diffuse fluorescein leakage into the subretinal fluid. 
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Family study 
Four sisters and one brother underwent complete ophthalmological examin-
ation, which revealed no abnormality at all. The patient's mother showed 
diabetic retinopathy. 
Follow-up and treatment 
The patient's visual acuity and fundus lesions remained unchanged during 
about a year after her first visit to our department. Subsequently, however, 
we observed a slight increase in subretinal exudates and the area of serous 
retinal detachment in the direction of the posterior fundus. 
An attempt was made to close the anastomosing choroid artery by cryo-
coagulation in order to arrest the process of continuous intiaretinal and sub-
retinal leakage: 15 months after the initial examination cryocoagulations 
were applied to the sclera OD overlying the peripheral segment of the main 
Figure 176. OS. Fluorescein angiogram of the region shown in Figure 174. A) Early phase 
showing filling of a large choroid artery in centripetal direction (arrow); this artery pro-
duces several branches to the retina. 
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anastomosing choroid artery. No complications occurred during and after 
this treatment, but fluorescein angiography 6 and 10 months later clearly 
revealed a patent anastomosis and undiminished leakage. No further attempts 
to close the anastomosis have since been made. 
Discussion 
The choroid arteries which form the anastomoses in our patient's eyes, are 
quite evidently "recurrent ciliary arteries". The fluorescein angiogram 
clearly showed that the blood flow came from the anterior choroid in cen-
tral direction. Angiographic demonstration of these peripheral arteries is 
generally impossible, but in our case we succeeded by virtue of the non-
perfusion of the peripheral choriocapillaris. 
Figure 176. B) Slightly later exposure showing network of intraretinal vessels which 
communicate with retinal arteries and veins. The afferent choroid artery is no longer 
visible. 
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The hypoplasia of the choriocapillaris and the localization of this abnor-
mality near 6 o'clock indicate that the primary anomaly probably is a partial 
coloboma of the anterior choroid and the retinal pigment epithelium. 
Partial colobomas of the choroid always show a defect of the choriocapil-
laris, Bruch's membrane and the retinal pigment epithelium, but as a rule the 
layer of larger choroidal vessels is primordially present, as it was in our patient. 
Apart from the fact that the inferior margins of the lenses were visible when 
the pupils were fully dilated (possibly as a result of minimal flattening), no 
colobomatous lesions of the ciliary body, iris and zonules were seen. 
The defect in Bruch's membrane and the retinal pigment epithelium must 
have created a continuity between choroid and retina which enabled the ana-
tomosing recurrent ciliary artery to grow through. 
This blood vessel is the last in the embryonic development of the choroid. 
Its primoridum, which arises from the primary arterial circle of the iris, is 
formed from the 6th month of intra-uterine development on (Heimann, 1972). 
The recurrent ciliary arteries grow in central direction and their branches es-
tablish communication with the peripheral choriocapillaris. Whether the main 
branch of the recurrent ciliary artery establishes direct communication with 
branches of the posterior ciliary arteries near the equator, is a controversial 
question (Francois et al., 1955;Wybar, 1954). 
We assume that, in the final months of intra-uterine development, growing 
branches of a recurrent ciliary artery in our case could not establish the usual 
communications with the peripheral choriocapiUaris near 6 o'clock because 
the latter's primordium had failed to form at the site of the coloboma. Through 
the local defect in Bruch's membrane and the retinal pigment epithelium, the 
branches of the recurrent ciliary artery could grow into the neuroretina, in 
which they formed anastomoses with small retinal vascular branches. The 
latter were in communication with retinal veins into which they drained the 
blood, as the fluorescein angiogram revealed. 
Evidently the considerable luminal width of the recurrent ciliary artery 
ensured a large supply of blood to the anastomosing retinal vascular ramifi-
cations. The leakage from the latter undoubtedly resulted from decompen-
sation caused by this large blood supply and the consequent high pressure in 
these vascular branches. The leakage in turn gave rise to subretinal exudates, 
oedema and serous retinal detachment. 
The pucker in the posterior pole of OS must be a phenomenon secondary 
to the longstanding peripheral retinal detachment. There is a risk that the 
same complication will develop in OD, especially because attempts to close 
the anastomosis by cryocoagulation have failed. More aggressive techniques to 
close the anastomosis — e.g. electrocoagulation — would seem to merit con-
sideration if the exudative retinal detachment should expand, although the 
procedure entails a certain risk. 
Differential diagnosis in the probably very rare instances of this anomaly 
should take into account other conditions which can be associated with peri-
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pheral exudates, e.g. Coats' disease and retinal angiomatosis. The localization 
near the 6 o'clock position clearly distinguishes the condition from DEVR 
and RLF, which also produce quite different clinical symptoms. The peripheral 
retinal oedema and the position of the lesions in the inferior part of the fun-
dus might cause confusion with posterior cyclitis. The vascular lesions and the 
absence of preretinal snowballs and cyclitic membranes, however, are not 
suggestive of this inflammatory condition. 
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CHAPTER 12 
COATS' DISEASE AND RETINAL ANGIOMATOSIS 
12.1 Coats' disease 
Coats' disease is probably based on a developmental disorder of, especially, 
the peripheral retinal vasculature. This is why this disease should be discussed 
here. There is another argument for presentation of this disease: in some cases 
the fundus features of Coats' disease may resemble those of DEVR. It is there-
fore important also to consider the differential diagnosis. 
12.1.a Clinical symptoms 
Coats' disease is characterized by intraretinal or subretinal exudates and mal-
formations of the retinal vessels, while intraretinal haemorrhages are not a 
rare feature (Figure 177). The condition is usually discovered in children of 
pre-school or school age, and mostly in boys. The disease is as a rule unilateral, 
although bilateral cases are by no means an exception. 
The vascular lesions of the disease are multiple lesions of arterioles as well 
as venules and capillaries. They are usually found in the smaller vessels out-
side the posterior pole. The irregular, sausage-like dilatations of arterioles and 
venules are ophthalmoscopically evident. Aneurysms of the same vessels often 
show a glittering white surface due to secondary degeneration of the vascular 
wall. The capillary lesions are especially readily detectable in fluorescein 
angiography: the capillary network shows a general coarsening of its structure, 
and the individual capillaries have an abnormally large luminal width (Figure 
178). Saccular microaneurysms of these capillaries are frequently seen in the 
angiograms. Fluorescein leakage from affected parts of the vascular bed is a 
general phenomenon, but often very limited. In some cases the fluorescein 
angiogram reveals total non-perfusion of the peripheral retina (Figure 179). 
More often, avascular zones are seen which are surrounded by perfused retinal 
areas. 
Exudates in the deeper layers of the retina are usually found near the vas-
cular lesions. In a later stage, extensive subretinal exudates may be seen which 
lift the retina off its pigment epithelium. 
Although retinal detachment in Coats' disease is nearly always exudative, 
rhegmatogenous retinal detachment has been described as a complication of this 
condition (Kelley and Danzinger, 1979). The deformed vessels and bright red 
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Figure 177. Telangiectases and subretinal exudates. 
haemorrhages often contrast clearly against the white or yellow background 
of the massive exudates. In some cases the exudates assume a darker, greyish 
colour due to a mixture of blood. It is an established fact that, in Coats' 
disease, exudates can be found in parts of the fundus in which no distinct vas-
cular lesions are discernible;and in some cases there is no vascular deformation 
observable at all. Coats himself described the various findings in great detail 
(1908, 1911 and 1912). On the basis of these findings he divided his patients 
into two groups. 
Type 1 : Massive subretinal exudates without distinct vascular lesions. 
Type 2: Massive subretinal exudates with vascular lesions. 
He distinguished originally a third type, but this is not longer regarded as 
Coats' disease but as probably identical to retinal angiomatosis. 
We know that some adults can develop vascular deformations and exudates 
which closely resemble those of Coats' disease. Moreover, telangiectases of 
retinal vessels have also been described in combination with other eye diseases 
such as retinitis pigmentosa (Morgan and Crawford, 1968; Schmidt and 
Faulborn, 1972) or with systemic syndromes such as the epidermal naevus 
syndrome (Burch et al., 1980). 
Although some authors describe these retinal vascular changes as Coats' 
disease, this is not justifiable, and can give rise to confusion. The term Coats' 
disease should be confined to cases of telangiectasia observed in children 
(Manschot and De Bruijn, 1967). This opinion seems to be entirely acceptable, 
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although it is not always possible to differentiate between a congenital telan-
giectasia and an acquired vascular anomaly. 
Several authors describe telangiectasia discovered at an adult age as "idio-
pathic retinal telangiectasia". For the category accompanied by other general 
or ocular symptoms, the term "symptomatic" or "secondary retinal telan-
giectasia" would seem to me to be suitable. 
12.Lb Histology 
Coats himself described many histopathological changes in detail: conspicuous 
dilatation of the smaller vessels and hyaline degeneration of vascular walls, 
intraretinal and subretinal haemorrhages and exudates, foam cells, cholesterol 
crystals and subretinal fibrosis. According to Woods and Duke (1963) the sub-
Figure 178. OD. Fluorescein angiogram of the retina temporal to the posterior pole. 
The coarsening of the structure of the vasculature increases to the periphery. Small avas-
cular areas. 
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retinal exudates contain free cholesterol, cholesterol esters and fatty acids, 
and thus differ from the exudates found in diabetic retinopathy, which mainly 
consist of neutral fats (Figure 180). 
The wall of the dilatated retinal vessels often consists only of endothelial 
cells, with a thin PAS-positive basement membrane surrounding them 
(Manschot and De Bruijn, 1967). The somewhat larger vessels often show 
hyaline swelling of the vascular wall, in which PAS-positive matter, erythro-
cytes and pigment can be found (Tripathi and Ashton, 1972). 
There is oedema of the retinal stroma around the affected vessels, and in-
filtrates of mononuclear cells and eosinophile granulocytes are often observed 
(Figure 181). The deeper retinal layers often contain PAS-positive exudates. 
The origin of the lipoid macrophages (ghost cells) has long remained ob-
scure. In microscopic specimens of eyes with Coats' disease, Manschot and De 
Bruijn (1967) and Takei (1976) found proliferation of pigment cells and ob-
served transitions from pigment epithelium cells to foam cells which demon-
strated the probability of their relatedness. 
Tigurc 179. OD. More peripheral exposure showing non-perfusion of the equatorial zone 
in the same eye. 
347 
Figure 180. Cholesterol crystals and ghost cells in subretinal exudate (X 200). 
It is interesting to note that Coats already suggested the possibility of this 
relatedness of these cells in 1912. The origin of fibrocytes in the subretinal 
plaques is not quite certain, but these cells are probably also derived from the 
pigment epithelium (Manschot and De Bruijn, 1967). 
12.1.с Pathogenesis 
Nearly all authors who have reported on Coats' disease in the past few decades 
agree that the retinal vascular anomalies must be the cause of the exudate 
formation. This concept implies that a purely exudative affection without 
vascular lesions does not exist. Both the microscopic features of the vessels 
and the leakage observed at fluorescein angiography indicate a disturbed func­
tion of the blood-retina barrier, as a result of which plasma constituents and 
sometimes blood cells can enter the retinal stroma. 
Many investigators have concerned themselves with the fact that intraretinal 
exudates can develop at a considerable distance from the areas with vascular 
anomalies. In some cases there are capillary anomalies in the region of such 
exudates, but these can only be detected by fluorescein angiography. The 
exudates develop at a significant distance from the leaking retinal vessels in 
most cases. This phenomenon can also be observed in other conditions associ­
ated with loss of function of the blood-retina barrier. 
A site of predilection is the perimacular layer of Henle, where a radial 
pattern of exudates can develop. The retina near the vascular malformations 
is usually oedematous. 
It is a wellknown phenomenon, in other conditions as well, that the exu-
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Figure 181. Cross-section through the neuroretina in Coats' disease. The retina is swollen 
due to glia proliferations and oedema. Several thin-walled blood vessels of fair luminal 
width are seen in the inner layers (arrow) (x 140). 
dates do not readily form in an oedematous part of the retina but develop 
preferably at the boundary of such areas, thus giving rise to a so-called circinate 
local exudative process. Exudates of this type are also observed at some dis-
tance from the vascular lesions in the initial stage of Coats' disease. 
Virtually nothing is known about the pathogenesis of the vascular lesions 
of Coats' disease. Most authors postulate a congenital telangiectasia, but 
whether the primary vascular lesions of Coats' disease are always present at 
birth has not been established. 
A very important question to the raised is: did the anomalous vascular areas 
arise from an initially more or less normal network of retinal vessels, or were 
the vessels primarily deformed? The development of Coats-like anomalies at a 
later age suggests the former possibility, but does not mean that this is also in-
volved in juvenile patients with Coats' disease. 
The non-perfusion of retinal areas may result exclusively from disturbed 
development, but equally well from occlusion and retraction of vessels. Micro-
scopic studies have revealed vessels with an unmistakably swollen wall, with a 
constricted lumen (Tripathi and Ashton, 1971), or with a normal lumen 
(Manschot and De Brujin, 1967); but occluded vessels are not a histopatho-
logical feature of Coats" disease. 
An important phenomenon given but scant attention in the literature is 
the rare occurrence of neovascularizations of the kind seen in numerous con-
ditions associated with non-perfusion of the retina. True neovascularization, 
arising from parts of the retinal vasculature and extending into the vitreous 
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space, is a rare finding in Coats' disease, although areas of retinal non-perfusion 
are often observed. 
Wise (1961) regarded the ingrowth of fibrovascular tissue from the deeper 
retinal layers into the subretinal space as a reaction to the hypoxia of these 
layers, resulting from the formation of exudates between the neuroretina and 
the nutrient choriocapillaris and pigment epithelium. Wise was also among the 
few authors who described the presence of neovascularizations of retinal 
vessels with growth into the preretinal vitreous space. Generally, however, 
neither clinical nor pathological examination reveals such neovascularization 
in Coats' disease. 
The aetiology of Coats' disease has so far remained obscure. Nearly all cases 
of the disease so far described were sporadic cases, but some authors have 
described familial cases. The family described by Schmidt and Faulborn 
(1972) showed telangiectasia combined with tapetoretinal degeneration and, 
as already pointed out, cannot be regarded as showing Coats' disease. The 
familial cases reported by Pajtas (1950) and Campbell (1976) strike me as not 
quite suggestive of Coats' disease. Particularly the clinical features described 
by the former author might well be compatible with DEVR. 
In my opinion, no convincing evidence has so far been offered that genetic 
factors play a role in the aetiology of Coats' disease. I made an interesting 
clinical observation which excludes such factors in one of a pair of monozy-
gotic twins, whose case history follows. 
Case history 
Marcel P. (19-05-69) was referred to our department at age 7 with a one-week 
history of diminished VOS. Marcel was one of a pair of twins (described as 
monozygotic by the mother), who spent the first two weeks of life in the in-
cubator. The birth weight of both neonates was some 2000 g. Marcel's post-
natal condition was good; his brother's was slightly less but still fair. The 
amount of oxygen administered was unknown. Both children were in good 
general health. No family history of ocular symptoms. 
Ophthalmological examination (Marcel) 
Visual acuity VOD: 1.25, uncorrected. 
VOS: 2/60, uncorrected. 
Anterior segments ODS: Normal. 
Fundi OD: Only small scattered exudates in the tem-
poral mid-periphery of the fundus, and some 
irregular dilatations of retinal vessels (Figure 
182). Entirely normal posterior pole. 
OS: Extensive subretinal exudates in all quad-
rants of the fundus with irregular malformations 
of the retinal vessels and telangiectases. The 
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r'igure 182. OD. Telangiectases and intraretinal exudates temporal to the posterior pole. 
inferior temporal sector of the retina was evi-
dently detached by the extensive subretinal 
exudates (Figure 183). 
Fluorescein angiogram OD: The region temporal to the posterior pole 
is shown in Figure 178. The structure of the 
retinal capillary bed is evidently coarsened. 
There are occasional areas of retinal non-per-
fusion. The smaller vascular branches, both ar-
terial and venous, show irregular variations in 
luminal width. The late phase shows relatively 
little fluorescein leakage. The somewhat more 
peripheral exposures clearly show non-perfusion 
of the retina in the temporal equatorial zone. 
Conclusion 
Bilateral Coats' disease. 
Treatment 
Patient was treated by intensive photocoagulation (under anaesthesia) of all 
effected areas in the temporal part of the fundus OD. OS was not treated. 
Ophthalmological examination of the parents revealed no abnormalities. 
The twin-brother Ronnie was of course also examined carefully, but fundus 
examination in mydriasis failed to reveal a single abnormality. 
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Figure 183. OS. Retinal detachment caused by massive subretinal exudates. 
Although the two brothers closely resembled each other, extensive blood 
typing was done. The identical blood typology found in the two children was 
as follows: 
ABO; C c D Ее; MN; S s PI; К к; Кра Kp b; Fya Fy b ; Jka Jkb; 
A+ + — + —+ — h — + + — + — + — + — + 
Lua Lub; Lea Leb. 
— + — + 
Fluorescein angiography three months after coagulation revealed destruc­
tion of significant parts of the aberrant retinal vascular network. In some areas 
there were still some patent capillaries and small afferent and efferent vessels, 
but perfusion in these vessels was diminished due to marked constriction of 
the lumen (Figure 184). In the course of the follow-up over 4 years, VOD re­
mained unchanged and no complications developed. The follow-up on Ronnie 
over the same period failed to reveal any fundus changes. 
The above case history of a boy with bilateral Coats' disease in whose 
monozygotic twin-brother no fundus changes were found, confirms the non-
hereditary character of the disease. Our findings also exclude a mutation in 
the parental germ cells or in the zygote as a possible cause. 
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Figure 184. OD. Fluorescein angiogram after coagulation. 
ll.l.d Differential diagnosis 
Much has been written about the relationship between Coats' disease and 
Leber's multiple miliary aneurysms (Leber, 1916). 1 have been unable to con-
firm the opinion of Chisholm et al. (1974) that the aneurysms in the latter 
disease are localized in the arterioles, unlike those in the former disease. I 
believe that the dilatations and aneurysms in Coats' disease are found in the 
arterioles as well as in the capillaries and venules, as demonstrated in Figure 
178. 
Many authors regard the two diseases as different stages of the same con-
dition (Manschot and De Bruijn, 1967), and this strikes me as an acceptable 
postulate. It simply solves differential diagnostic problems as well. Far ad-
vanced stages of Coats' disease, in which massive subretinal exudates are in 
evidence, should be distinguished from all conditions which can cause leuco-
coria at an early age, at which time the possibility of retinoblastoma should 
always be considered. In addition to fundoscopic examination (under anaes-
thesia, if necessary), ultrasonography and, especially in older children, fluore-
scein angiography are important aids in diagnosis. 
A discussion of the differential diagnosis of leucocoria is not within the 
scope of this study; in this respect I refer to the textbooks. 
Differential diagnosis from DEVR is clinically important. Cases of DEVR 
which involve exudates might certainly be confused with Coats' disease. It 
should be borne in mind that the vascular anomalies in the two conditions 
differ significantly, and that the preretinal vitreous changes are far more 
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prominent in DEVR, or at least in the severe cases Ophthalmoscopically dis-
cernible telangiectases are not present in DEVR. 
Family studies are indicated in dubious cases Familial cases of Coats' dis-
ease, as reported in the abovementioned publications, are probably based on 
DEVR. 
12.1.e Treatment 
Coagulation is indicated in most cases of Coats' disease Only if the posterior 
pole of the retina has already become detached due to extensive subretmal 
exudates can cryocoagulation or photocoagulation be regarded as futile. Small 
areas of slight vascular anomalies without surrounding exudates in the peri-
pheral fundus can be left untreated as long as the condition remains stationary 
(but of course require frequent follow-ups) 
Unfortunately, most children are not treated until visual acuity in the af-
fected eye has diminished due to oedema and exudates in the macula In such 
cases rapid extensive coagulation therapy (which nearly always must be given 
under anaesthesia) is indicated In view of the presence of exudates between 
neuroretina and pigment epithelium, and oedema of the neuroretina, coagu-
lations of long duration and high intensity are required In young children 
under anaesthesia, it is important to make a careful examination of the fundus 
penphery of the contralateral eye, to ascertain that even very slight lesions 
are not overlooked 
The results of cryocoagulation or photocoagulation are fair if treatment is 
started early Spitznas et al (1975) reported improved visual acuity in 25% of 
the treated eyes in a large series of cases, and also noted that 54% showed no 
further diminution of visual acuity In the categories with slight or moderate 
anomalies, the results were even significant more favourable 
12.2 Retinal angiomatosis 
Retinal angiomatosis (Von Hippel-Lindau's disease) is an autosomal dominant 
condition of the retinal blood vessels often accompanied by central nervous 
symptoms and sometimes by symptoms from other organs, more specifically 
the kidneys and adrenal glands. Although the disease symptoms as a rule do 
not occur until after childhood, most authors regard the condition as a devel-
opmental disorder 
12.2.a Clinical symptoms 
The fundus changes have been described in detail by Von Hippel(1895,1904) 
Retinal angiomatosis becomes manifest in usually gradual visual loss resulting 
from oedema and exudates in the retina of the posterior pole Ophthalmoscopy 
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reveals a pinkish-red or sometimes whitish angioma, often outside the posterior 
pole but sometimes found quite near the disc or the macula. A characteristic 
feature of such an angioma is the communication with a dilatated and tortuous 
afferent and efferent blood vessel (Figure 185). These vessels are sometimes 
very inconspicuous, especially when the angioma is localized near the disc. 
Several angiomas may be found in one fundus, and not infrequently both eyes 
are affected. 
Intraretinal haemorrhages and retinal oedema are frequently found near an 
angioma. They often obstruct the view on the vascular lesion (Figure 186). 
Vitreous haemorrhages are less common. Leakage often leads to exudate for-
mation in the retina at some distance from the angioma. As in many processes 
associated with intensive leakage from parts of the retinal vasculature, exudates 
may accumulate in the centre of the posterior pole. If left untreated, the ang-
iomas often increase in size, with progression of exudative changes. Finally, 
retinal detachment usually occurs as a result of theaccumulation of subretinal 
exudates or due to traction exerted by glia proliferations in the vitreous space. 
Fluorescein angiography reveals fluorescein leakage from the angiomas, which 
is usually rapid and intensive. The afferent and efferent vessels, however, as a 
rule do not leak. The retinal capillaries near the angioma often (but not always) 
show dilatations and microaneurysms from which fluorescein may leak. Reti-
nal areas of non-perfusion as a rule are not observed. 
Figure 185. Retinal angiomatosis. Peripherally localized angioma without exudates or 
haemorrhages. 
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Figure 186. Angioma obscured by oedema, exudates and minor haemorrhages. 
General symptoms 
Czermak (1905) already described a patient with retinal angiomatosis who 
developed clinical symptoms of an intracranial tumour. The postmortem dis-
closed a cerebellar cyst in this case. According to Lindau (1927), about 25% 
of patients with retinal angiomatosis develop central nervous system symp-
toms. They result from haemangiomas which are usually localized in the cere-
bellum. Such lesions cause symptoms like headache, dizziness, vomiting and 
other symptoms of cerebellar dysfunction. Haemorrhages from cerebellar 
haemangiomas are vitally dangerous complications, which unfortunately are 
not rare in Von Hippel-Lindau's disease. Tumours and cysts in numerous 
organs have been described in this disease. Particularly hypernephromas 
(Kaplan et al., 1961) and pheochromocytomas (Wise and Gibson, 1971) can 
be present, and general physical examination of patients with retinal angio-
matosis should therefore specifically focus on possible symptoms of such 
tumours. 
12.2.b Histology and pathogenesis 
Microscopically, the retinal tumours are hamartomas which consist of hyper-
plastic, newly formed vascular canals separated by endothelioid cells (Jesberg 
et al., 1968). Particularly around the somewhat large angiomas, there is 
proliferation of glia cells in the neuroretina which may extend into the vitreous 
space. Haemorrhages and exudates with infiltration of macrophages in the 
retinal stroma are often observed. 
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Goldberg and Duke (1968) studied the histopathological features of the 
disease in a trypsin digest specimen of the retinal vessels, in which they found 
foci of endothelial cell hyperplasia in the walls of the afferent and efferent 
retinal vessels of the angioma On the basis of this finding they considered it 
possible that the dilatation of these vessels was not secondary to haemo-
dynamic changes caused by the angioma but indicated a hamartoma of arter-
ioles, capillaries and venules 
It has not been established with certainty whether microscopic evidence of 
the retinal vascular anomalies of Von Hippel-Lindau's disease is already present 
at birth Small nests of angioblastic cells are possibly already formed in the 
fetal retinal vasculature These may subsequently proliferate and give rise to 
clinjcal symptoms. An argument in favour of this theory is the finding of 
angiomas of Von Hippel-Lindau's disease in infants (Appelmans, 1947) 
Jesberg et al (1968) and Nicholson et al. (1976), however, hold that the 
lesions may have developed postnatally from ophthalmoscopically and angio-
graphically normal retinal vascular areas. 
12.2.C Differential diagnosis 
The fundus changes observed in retinal angiomatosis should be distinguished 
from the phenomena observed in Coats' disease Differentation may be diffi 
cult when the extensive intraretinal and subretinal exudates and haemorrhages 
obscure the primary vascular lesions In both conditions, exudates can form 
in the centre of the posterior pole at a considerable distance from the ophthalm-
oscopically visible vascular malformations, and both diseases can be bilateral 
as well as unilateral 
In most cases the angiomas are clearly distinguishable in dimensions and 
their typical dilatated, tortuous afferent and efferent vessels from the much 
smaller, more diffuse lesions in Coats' disease. The family history and exam-
ination of family members are of clinical importance in retinal angiomatosis, 
and may have diagnostic significance as well in dubious cases 
Like retinal angiomatosis, however, DbVR is subject to autosomal domi-
nant transmission with highly variable expression. Yet the vascular lesions m 
retmal angiomatosis are so different from those m DEVR that differential 
diagnosis between these two conditions seldom poses a problem. Extensive 
exudates can be present in both conditions, but retinal haemorrhages (quite 
common in retinal angiomatosis) are rarely observed in DEVR. 
Dilatated and tortuous blood vessels may be observed on the surface of 
some retinoblastomas, often in association with haemorrhages. Such tumours 
may produce symptoms which closely resemble those of retinal angiomatosis. 
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I2.2.d Treatment 
Coagulation of the angiomas is the treatment of choice of the ocular mani-
festations of Von Hippel-Lindau's disease. Early treatment is important be-
cause most of these angiomas grow quickly and can cause a rapid increase in 
exudates and haemorrhages. 
Smaller angiomas can as a rule be successfully treated by Xenon arc coagu-
lation (Wessing, 1967) or with the Argon laser (Goldberg and Koenig, 1974) 
(Figure 187). 
Results obtained in the treatment of larger angiomas are less favourable 
(Goldberg and Koenig, 1974), but of course much depends on the severity 
and localization of the secondary changes in retina and vitreous. Apart from 
the importance of early treatment, careful periodical posttherapeutic exam-
ination of both fundi is important because fresh lesions can quickly develop, 
and recurrence of exudative changes caused by coagulated angiomas is like-
wise possible. 
The many aspects of the treatment of tumours of the central nervous sys-
tem and of other organs which can occur in Von Hippel-Lindau's disease are 
not within the scope of this study. 
Figure 187. The same angioma as in Figure 185, shortly after laser coagulation. 
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12.3 Sturge-Weber's syndrome 
Disorders of peripheral retinal perfusion have been incidentally observed also 
in Sturge-Weber's syndrome (Archer and Nevin, 1977). It remains uncertain 
whether this results from a developmental disorder of the retinal vasculature 
or from compression of the peripheral retinal vessels by an angioma of the 
choroid. This syndrome will not be discussed. 
PART III 
ADDITIONAL DIFFERENTIAL DIAGNOSES FROM DOMINANT 
EXUDATIVE VITREORETINOPATHY 
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CHAPTER 13 
CONGENITAL CONDITIONS NOT ASSOCIATED WITH 
RETINAL VASCULAR DEVELOPMENTAL DISORDERS 
13.1 Persistent hyperplastic primary vitreous 
Although the clinical features of persistent hyperplastic primary vitreous 
(PHPV) are often typical and therefore readily identifiable, there are other 
manifestations not easily recognizable as based on PHPV. Manifestations 
of the latter category mainly develop in the posterior part of the vitreous space, 
and sometimes pose considerable problems of differential diagnosis, for 
example from DEVR. This is why this chaper focuses ample attention on the 
difficult, controversial subject of persistence of hyaloid elements in the pos-
terior and preretinal parts of the vitreous space. 
13. l.a Clinical symptoms 
Anterior PHPV 
The clinical and histological features of this type of PHPV have long been 
known (Grolman, 1889; Parsons and Fleming, 1903; Collins, 1908). 
The condition is characterized by nearly always unilateral leucocoria, usually 
noticed within a few weeks of birth. The affected eye is as a rule slightly 
smaller than normal, and sometimes has a shallow anterior chamber. In the 
characteristic case, radially arranged blood vessels extend across the iris; they 
emerge from beneath the iris in the pupillary aperture, and are remnants of 
the capsulopupfflary part of the tunica vasculosa lentis (Figure 188). In many 
cases, however, no such vessels are found. 
The lens is initially clear but sometimes slightly smaller than normal 
(Findlay, 1925). In a subsequent stage it becomes cataractous and may even 
be totally replaced by fibrotic tissue (Czermark, 1907). Immediately posterior 
to the lens, a white or pink tissue mass is visible which can vary in dimensions 
from a small plaque slightly nasal to the centre of the lens, to a structure 
which covers the entire posterior lens capsule (Reese, 1955). In this tissue one 
usually sees blood vessels which take a somewhat radial course (Von Winning, 
1952). The retrolental tissue is thickest at the centre, and gradually becomes 
thinner towards the periphery (Reese, 1955). In adequate mydriasis (which 
cannot always be achieved), elongated ciliary processes are visible which are 
connected with the retrolental membrane. In eyes in which the retrolental 
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ligure 188. PHPV with persistent capsulopupillary vessels. 
opacity is confined to the centre of the posterior capsule, a persistent hyaloid 
artery is sometimes clinically observed (Figure 189). In the case of lens luxation, 
too, the course of such a vessel from the disc is sometimes discernible (Straub, 
1951). 
The depth of the anterior chamber can be reduced due to oedema of the 
lens, contraction of retrolental tissue and haemorrhages in the vitreous space. 
Consequently, secondary glaucoma is a frequent complication even in the first 
years of life. 
Posterior PHPV 
Widely diverse anomalies associated with preretinal opaque structures and 
retinal folds have been ascribed to persistence and hyperplasia of the primary 
vitreous and the hyaloid system. As a rule, however, it is difficult to verify 
the diagnosis of such anomalies. Diagnosis is based mainly on the ophthalmo-
scopic findings, but the pluriformity of the fundus changes often renders the 
diagnosis of "posterior PHPV" rather speculative. 
363 
Figure 189. Stereo-photograph. Attachment of persistent hyaloid artery to the posterior 
lens capsule. 
The congenital presence of white structures adherent to the disc in the pre-
papillary vitreous space is probably a result of persistence and proliferation of 
embryonic vitreous elements in a number of cases. Such epipapillary mem­
branes or tissue masses consist of glia cells, which probably originate from 
neuro-epithelial cells that envelop the proximal segment of the embryonic 
hyaloid artery (so-called Bergmeister's papilla). The presence of remnants of the 
hyaloid artery in combination with such glial structures confirms the hypo­
thesis that the changes result from a disturbance in the regression of the pos­
terior primary vitreous. 
According to Scarlett(1922),DeBeck(1890)already described 12 different 
types of clinical manifestations which in his view resulted from persistence of 
hyaloid elements. In five of these types there were strands, membranes and 
tissue masses which adhered to the disc. 
Unilateral glial epipapillary structures ascribed to vestiges of the hyaloid 
vascular system were reported by Ten Doesschate (1916) and Danis (1921). 
In some cases the retinal vessels showed an abnormal course near the disc 
(Ten Doesschate, 1916), or vascula' anomalies were observed on the disc 
(Scarlett, 1922). 
The more recent literature shows that some confusion has arisen between 
posterior PHPV and congenital retinal fold (Van Nouhuys, 1981a). This sub­
ject is discussed in detail at the end of this section (13.1 .d). 
ІЗ.І.Ь Histology 
Microscopic examination in cases of anterior PHPV has shown that the retro-
lental structures consist of connective tissue in which many blood vessels are 
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found (Rosen and Yamashita, 1964; Raskind, 1966). On the anterior side, 
this tissue is connected with the posterior lens capsule, through which it often 
passes into the stroma of the lens (Velhagen, 1912, Reese, 1955). 
The extent to which microscopic examination can confirm the presence of 
persistent primary vitreous elements in the preretmal portion of the posterior 
segment is of great importance to our knowledge of PHPV. Eyes in which the 
changes are limited to local structures near the disc have, of course, rarely 
been enucleated, our histological data on such eyes are therefore limited. 
Seefelder (1909) found duplicature of the neuroretina near the disc in such 
an eye. The structure of the neuroretina in this area was abnormal. 
Retinal and preretinal changes in anterior PHPV 
At histological examination often eyes with severe retrolental PHPV, Manschot 
(1958) found preretinal structures extending from the retina to the posterior 
vitreous. In some eyes he observed deposits of amorphous matter in this part 
of the vitreous, which were connected with the innermost layer of the neuro-
retina. Intraretinal and preretinal glia cell proliferations were also found. 
According to Manschot (1958), the various structures originated from the 
primary vitreous, which apparently was able to manifest itself also m the pos-
terior parts of the vitreous space. 
At light-microscopic examination of an eye with PHPV, Wolter and Flaherty 
(1959) found similar filaments and glia proliferations on the inner surface of 
the retina. Unlike Manschot (1958), these authors were unable to demonstrate 
any connection between the preretinal filaments and the Muller cells of the 
retina. But the structures did prove to be connected with retinal blood vessels. 
Virtually identical filaments have since been described m PHPV by Spaulding 
and Naumann (1967), who identified a number of these structures as blood 
vessels which communicated with superficial retinal vessels. Vascular com-
munications between retinal blood vessels and vascularized organizations in 
the vitreous space have also been demonstrated in PHPV by Gartner (1964) 
and Stefani and Laszczyk (1976). 
In my opinion the hypothesis that the abovementioned structures on the 
inner surface of the retina in eyes with anterior PHPV originate from the pri-
mary vitreous has become untenable with the discovery of vascular connec-
tions between this tissue and retinal vessels. Although it is possible that, as 
Gartner (1964) and others believe, hyaloid vessels are localized close against 
the retinal surface in the foetal eye, and adhere to it in some cases, there are 
no indications that foetal connections between hyaloid vessels and retinal 
blood vessels can occur, as Pau (1957) suggested. The blood vessels in the 
epiretinal tissue on the inner surface of the retina in eyes with anterior PHPV, 
therefore, are in my opinion certainly not derived from the hyaloid system. A 
different explanation seems more logical. 
The histological descriptions and illustrations in the abovementioned 
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publications suggest that the epiretinal glia proliferations and blood vessels 
have been reactively produced by the retina. This hypothesis explains the 
connections between the vascular structures in the vitreous and the superficial 
retinal blood vessels. 
The question why these reactive changes occurred in the retina seems easily 
answered: nearly all specimens in which the epiretinal structures were observed, 
showed unmistakable deformation of the retina due to traction exerted by 
the retrolental plaque of (anterior) persistent vitreous. Under these conditions 
the development of reactive intraretinal and epiretinal glia proliferations is to 
be expected. 
In support of this hypothesis it can also be pointed out that persistence 
and hyperplasia of the primary vitreous in the posterior vitreous space cannot 
explain the extensive intraretinal glia proliferations repeatedly observed in an­
terior PHPV. These changes can only be understood as consequences of sec­
ondary changes in the retina. 
It can be stated in conclusion that the changes of the retina and preretinal 
vitreous in the posterior segment of eyes with anterior PHPV cannot be readily 
explained by persistence of vitreous elements in these areas. The identification 
of preretinal structures not connected with the disc in the posterior part of 
the vitreous space as hyperplastic elements of the primary vitreous, is there­
fore insufficiently supported by histological findings at this time. 
13.1.с Differential diagnosis 
Both PHPV and DEVR can cause leucocoria in young children. Only rarely, 
however, is leucocoria present at birth in DEVR, as it is in PHPV. In the case 
of unilateral leucocoria, examination of the fundus periphery of the contra­
lateral eye is essential because DEVR, unlike PHPV, is nearly always a bilateral 
condition. 
At this time it is impossible to establish the incidence of bilateral PHPV on 
the basis of data from the literature. Descriptions of unmistakable cases of 
bilateral anterior PHPV have been exceedingly rare. Reese (1955) briefly 
mentioned that the condition is unilateral in 90% of the cases, but it is not 
clear whether this percentage is based on personal observations or on a study 
of the literature. 
Some patients described as suffering from PHPV (or, in older literature, as 
suffering from persistence of the tunica vasculosa lentis) showed symptoms 
highly suggestive of a peripheral proliferative retinopathy such as DEVR. 
The patient described in detail by Magnus (1927) showed total funnel-
shaped retinal detachment OD and a tissue mass in the inferior temporal fun­
dus quadrant OS. With regard to this fundus (in which a falciform retinal fold 
was probably localized), Magnus (1927) noted that blood vessels were nowhere 
to be found in the attached part of the retina, and that several pigmented and 
depigmented cicatrices were present. In my opinion descriptions of this kind 
are far more consistent with DEVR than with PHPV. 
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Bilateral PHPV-like changes in various parts of the vitreous space and the 
fundus, as recently described by Loewer-Sieger et al. (1980), can be produced 
equally well by RLF and DEVR 
That not only the clinical but also the histological differential diagnosis be-
tween PHPV and advanced stages of neonatal proliferative retinopathies can 
be difficult, is demonstrated by the fact that the pathogenesis of RLF has for 
many years been erroneously sought in persistence and hyperplasia of the 
foetal tunica vasculosa lentis (Terry, 1942,Klien, 1949). 
The results of a histological study of eyes with anterior PHPV by Stefani 
and Laszczyk (1976) are of particular interest in this context. In seven of eight 
eyes with PHPV, these authors found vascular retinal changes. In five eyes the 
retina was found to be incompletely vascularized, the retinal periphery (es-
pecially on the temporal side) being totally avascular Neovascularizations 
were visible on the inner surface of this part of the retina. Although these 
neovascularizations showed connections with hyaloid vessels, vascular com-
munications between retinal vasculature and vascular proliferations in the vit-
reous were discernible at least in some of the specimens. 
On the basis of the detailed descriptions of Stefani and Laszczyk (1976), 
who clearly demonstrated the incomplete development of the retinal vascula-
ture in their material, and in view of our current knowledge of the patho-
genesis of DEVR, the microscopic features of several of the eyes described by 
these authors certainly seem compatible with the latter diagnosis. For further 
verification of this diagnosis, supplemental clinical studies of the patients and 
their family members would certainly be valuable. 
PHPV is a non-familial condition, and the correctness of a diagnosis of 
PHPV is to be seriously doubted when several cases occur within one family. 
Wang and Phillips (1973) described identical twins with unilateral leuco-
cona, which they ascribed to PHPV. No fundus changes were found in the 
contralateral eye in these children. 
Gonvers et al. (1973) found bilateral fundus changes in six of seven children 
in one family, and ascribed them to PHPV. The symptoms were disparate 
chorioretinal scars and exudates, radial retinal folds, retinal neovascularizations 
and exudates, cataract and vitreous organizations. The detailed descriptions 
and fundus photographs in my opinion leave no doubt that the changes in 
this family were based, not on PHPV but on DEVR. 
The gravest problems of differential diagnosis, however, have evolved from 
the fact that posterior PHPV and congenital retinal fold have erroneously 
been regarded as identical concepts. 
13. l.d Posterior PHPV and congenital retinal fold 
So far as I know, MIchaelson (1965) was the first to use the term "posterior 
persistent hyperplastic primary vitreous". His description of the syndrome 
was as follows. "This (posterior persistent hyperplastic primary vitreous), 
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which probably represents a lesser degree of retinal fold, consists of persisting 
attachment of primary vitreous fibres to the retina at one or more places, 
with resulting progressive changes in the retina such as retinal holes and ele-
vation. Weve (1935) and others indicated that it could be hereditary, trans-
mitted as a recessive trait, possibly sex-linked, as the majority appear in males. 
This condition is described here as posterior persistent hyperplastic primary 
vitreous because developmentally it is a posterior manifestation of persistent 
hyperplastic primary vitreous as described by Reese, and clinically both mani-
festations may appear in the same eye or m the same patient, as will be shown " 
The above description strikes me as essential because it clearly shows that, 
according to Michaelson, the syndrome of congenital retinal fold described by 
Weve is based on persistence of the primary vitreous. This hypothesis is a 
variant of the theory of Salffner (1902) and Mann (1935) that congenital 
retinal fold is caused by an abnormal adhesion of the inner layer of the emb-
ryonic optic cup to elements of the hyaloid system. 
After Michaelson (1965), Pruett and Schepens (1970) and Pruett (1975) 
used the term posterior PHPV as synonym of congenital retinal fold (ablatio 
falciformis congenita). 
The principal argument against the postulate that the two conditions are 
identical is the finding of a falciform retinal fold in vanous conditions, and 
more especially in DEVR (Van Nouhuys, 1981). The pathogenesis of the 
retinal fold m the latter condition has been discussed in Chapter 7, and is not 
based on persistence of primary vitreous 
It is therefore an error to regard posterior PHPV and congenital retinal 
fold as identical conditions. 
It cannot be excluded that, m some cases, the clinical features of a congeni-
tal retinal fold can develop in response to persistence and hyperplasia of the 
primary vitreous. However, the presence of hyaloid vessels or persistent pri-
mary vitreous in direct relation to the retinal fold is essential for this diagnosis. 
Moreover, it should be plausible that the tissue does not originate from fibro-
vascular proliferations of the retina, as it is in retinal folds observed in RLF, 
DEVR, etc. In my opinion few cases of congenital retinal fold can meet this 
criterion. 
Pruett (1975) described 30 cases of postenor PHPV. No fold was found in 
10 of the 22 eyes examined. More or less prominent retinal folds were reported 
in the remaining eyes. Changes of the kind Weve and Mann described as con-
genital retinal fold or ablatio falciformis congenita, are not recognizable in 
Pruett's publication, and none of the fundus photographs showed an elevated 
duplicature of the retina. 
The cases of posterior PHPV described by other authors likewise rarely 
show the features of a congenital retinal fold. Joseph et al. (1972) described 
two patients with unilateral changes which they interpreted as postenor 
PHPV. No falciform retinal fold was found in these two cases. Of the 14 cases 
of posterior PHPV described by Rubinstein (1980), only one presented the 
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fundus features of a falciform retinal fold However, the aetiology of the 
changes found m this patient is quite obscure, for the fold had not formed 
until age 7 
These observations corroborate my impression that postenor PHPV is only 
rarely seen to produce the clinical features of congenital retinal fold. 
132 Congenital toxoplasmosis 
As already demonstrated in Chapters 3 and 4, some cases of DEVR show ex-
tensive atrophic and pigmented scars which can closely resemble the con-
sequences of congenital toxoplasmosis. As in the latter, such scars can be 
localized in or near the posterior pole of the fundus in DEVR However, in 
our families I have never found a large atrophic macular lesion of the kind fre-
quently observed in congenital toxoplasmosis 
Whenever toxoplasmosis is suspected it is of course necessary to look for 
symptoms of this condition, e g cerebral calcifications, which in 5% of cases 
can be seen on X-rays of the skull (Schlaegel, 1976) Serological tests should 
be performed as well. 
That differential diagnosis between DEVR and congenital toxoplasmosis 
can pose problems was demonstrated in our study in patient V 12 D (Chapter 
3) The fundus changes in this patient, who was examined by several ophtha! 
mologists and at two university institutes, have for years been regarded as a 
consequence of congenital toxoplasmosis 
Dekking (1949) described the presence of a congenital retinal fold or even 
of total retinal detachment in incidental cases of congenital toxoplasmosis 
13.3 Retinoblastoma 
Cases of severe DEVR associated at an early age with large subretinal exudates 
and retinal detachment, can clinically resemble cases of retinoblastoma One 
of our patients (IV-1 F) had been submitted to enucleation of one eye shortly 
after birth because this malignant tumour could not be excluded with certainty. 
There is an extensive literature on the differential diagnosis of retinoblas-
toma, to which I may refer (Howard and Ellsworth, 1965, Ellsworth, 1976) 
This permits me to confine myself to a few important diagnostic differences 
between DEVR and retinoblastoma 
An essential diagnostic aid in cases in which one eyes shows extensive vit-
reous changes and retinal detachment is careful examination of the peripheral 
fundus of the contralateral eye If this examination (which in young patients 
is always carried out under anaesthesia) reveals no changes, then DEVR is ex-
tremely unlikely. If changes are indeed found in the contralateral eye, then it 
is usually not difficult to differentiate between DEVR and retinoblastoma on 
the basis of the clinical findings 
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Of course one should look for specific characteristics of retinoblastoma, 
e.g. tumour seedings in the vitreous, and calcifications which are often demon-
strable on X-rays of the orbit. Other important aids in differential diagnosis 
are the ophthalmological history, a family study, and ultrasonographic exam-
ination. Quantitative analysis of the aqueous in an attempt to identify en-
zymes such as LDH is probably of importance in the diagnosis of retinoblastoma 
(Felberg et al., 1977), although increased LDH values have incidentally been 
found also in other conditions (Jacobiec et al., 1978). 
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CHAPTER 14 
ACQUIRED CONDITIONS 
14.1 Eales' disease 
It is not easy to define exactly which condition can be qualified as Eales' 
disease. It is evident that different authors have differently defined the con-
dition in the literature. This is due to the fact that the aetiology of the con-
dition is entirely obscure, and that the diagnosis is established mainly on the 
basis of the clinical symptoms. Some authors (Elliott, 1976; Donders, 1958) 
use the term Eales' disease to describe vasculitis of the retina of a type usually 
found in young adult males, which is associated with vascular occlusions, neo-
vascularizations and vitreous haemorrhages and of which the cause is unknown. 
Spitznass et al. (1975), however, maintained that the term Eales' disease 
should be reserved for a syndrome of peripheral vascular occlusions and neo-
vascularizations which shows few (if any) pronounced symptoms of vasculitis. 
They held that the syndrome accompanied by marked signs of inflammation 
of especially the larger venous branches around the posterior pole (of unex-
plained origin) should be referred to as "idiopathic periphlebitis" rather than 
as Eales' disease (Figure 190). They find supportive arguments in Eales' de-
scription of changes, which does not mention inflammatory symptoms. 
The difference in localization and in inflammatory symptoms often found 
between the two conditions would certainly seem to warrant this distinction. 
A problem, however, is that there are frequent cases in which the fundus 
shows both characteristics of phlebitis and of a peripheral occlusive vasculo-
pathy. 
In the following subsections I intend to use the definition of Eales' disease 
proposed by Spitznass et al. (1975). 
14.1.a Oinical symptoms 
Eales' disease is characterized by occlusions of retinal vessels outside the pos-
terior pole, vascular sheaths around venules and sometimes also around ar-
terioles, neovascularizations and retinal and vitreous haemorrhages. The latter 
are usually the cause of the first subjective manifestations. 
The condition is often bilateral, shows a marked male predominance, and 
usually becomes manifest in young adults. 
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Figure 190. Fluorescein angiogram in "idiopathic periphlebitis". Intensive fluorescein 
leakage from larger vessels in the late phase. 
The course shows considerable interindividual variation. In some cases vitr-
eous haemorrhages can be absorbed spontaneously, without recurrent bleeding. 
In such cases the vascular proliferations often recede spontaneously, and visual 
function is permanently restored. 
In many untreated cases, however, the vitreous haemorrhages relapse and 
considerable cicatrization in the vitreous space can lead to total retinal detach-
ment. Rhegmatogenous retinal detachment has been observed as a complication 
in some cases of Eales" disease (Hulsbus et al., 1972). 
M.l.b Differential diagnosis from DEVR 
Most publications on DEVR mention Eales' disease as differential diagnosis. 
It seems to me that those who are familiar or at least acquainted with the 
clinical features of the two conditions should seldom encounter problems in 
this differential diagnosis. 
Intraretinal and vitreous haemorrhages are frequently observed at an 
(early) adult age in Eales' disease, but are rare in DEVR; and white vascular 
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sheaths along the veins are also exceedingly rare in the latter condition. The 
development of vascular occlusions and the progression of neovascularizations 
from the retina at an adult age likewise distinguish Eales' disease from a de-
velopmental disorder such as DEVR. 
The difference in pathogenesis between the two conditions is quite apparent 
at fluorescein angiography. In both conditions the fluorescein angiogram re-
veals non-perfusion of the peripheral retina. In Eales' disease, however, the 
irregular demarcation of the perfused retina with the abrupt occlusions of 
large vessels clearly indicates that occlusive changes in an initially normal 
primitive vascular system are involved (Figure 191). This pattern clearly differs 
from the continuous marginal zone of incomplete vessels found in DEVR. 
Figure 191. OD. Eales' disease. Non-perfusion of the peripheral retina due to vascular 
occlusions. Leakage from small neovascularizations. 
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14.2 Sickle cell retinopathy 
Non-perfusion of the peripheral retina, with or without complicating neovas­
cularization, is a frequent symptom of sickle cell retinopathy. This retino­
pathy is usually observed in persons with a combination of haemoglobins S 
and С or a combination of haemoglobin S with the haemoglobin of thalass-
aemia (Goldberg, 1976). 
14.2.a Differential diagnosis from DEVR 
Differential diagnosis between sickle cell retinopathy and DEVR can seldom 
pose problems. In some cases the symptoms of sickle cell retinopathy can 
develop at an early age, like those of DEVR, and even lead to fibrovascular 
organizations and retinal detachment. In actual practice the differential diag­
nosis is considered only when the changes are found in a black person, and of 
Figure 192. Sickle cell retinopathy OS. Fluorescein angiogram reveals non-perfusion of 
the temporal retina. 
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course identification of the haemoglobin is essential in establishing the correct 
diagnosis. 
Fluorescein angiography reveals non-perfusion of the peripheral retina in 
both conditions. The primary lesion in sickle cell retinopathy is arteriolar 
occlusion. As a result, capillaries which arise from the arterioles at a site central 
to the occlusion and form an arteriovenous anastomosis (Figure 192). This 
angiographic pattern is quite different from that of DEVR. 
Unlike DEVR, sickle cell retinopathy is characterized by a normal configur-
ation of the vasculature of the posterior pole of the retina, although some tor-
tuosity of medium-size vessels is not rare. Neovascularizations and vitreous 
haemorrhages from these vessels are far more prominent in sickle cell retino-
pathy than in DEVR (Figure 193). 
Figure 193. OD. Sickle cell retinopathy complicated by neovascularizations. 
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14.3 Pars planitis 
14.3.a Clinical symptoms 
Pars planitis (Welch et al., 1960), otherwise known as peripheral uveitis 
(Brockhurst et al., 1960), posterior cyclitis (Hogan and Kimura, 1961) or 
idiopathic peripheral uveoretinitis (Tasman and Shields, 1980), is a chronic 
intlammation manifested by the presence of white "snowbanks" on the inner 
surface of the extreme periphery of the retina and the pars plana, and of cells 
in the vitreous. The changes are usually most pronounced in the periphery of 
the inferior fundus quadrants. The condition is often bilateral (Welch et al., 
1960). 
Pathological anatomical examination of eyes with pars planitis has revealed 
fibroglial tissue on the inner surface of the peripheral retina and the pars plana, 
and lymphocyte infiltration of the wall of retinal vessels (Pederson et al., 
1978). 
¡4.3.b Differential diagnosis from DEVR 
The clinical features of pars planitis undoubtedly show similarity to those of 
DEVR: both conditions usually manifest themselves with bilateral peripheral 
fundus changes in otherwise healthy young persons. 
Preretinal opacities in the peripheral vitreous space and delicate white par-
ticles in the anterior vitreous space are features frequently found in both 
conditions. 
Figure 194. Pars planitis OS. Diffuse leakage of fluorescein from capillaries and veins. 
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The delicate vitreous opacities in pars planitis are generally far more pro-
nounced than those in DEVR. The preretinal veils in the temporal periphery 
and the white exudates of DEVR differ from the less well-defined "snowbanks" 
on the inner surface of the peripheral retina in pars planitis, which usually 
show maximum density near the 6 o'clock position. 
The fluorescein angiogram shows staining of the walls of retinal capillaries 
and veins, and leakage from these vessels throughout the fundus, in pars 
planitis (Figure 194). Non-perfusion of the peripheral retina can sometimes 
be demonstrated (Figure 175). However, the fluorescein angiogram differs 
markedly from that in DEVR. 
The peripheral perfusion disorders in pars planitis probably result from the 
inflammatory changes and the oedema of the peripheral neuroretina and the 
vessels contained in it. 
Neovascularization on the disc is a rare complication in pars planitis, which 
has been observed also without significant disturbances of peripheral retinal 
perfusion (Shorb et al., 1976). 
A recent report on familial occurrence of pars planitis is of importance in 
the differential diagnosis discussed above (Augsburger et al., 1981). 
14.4 Toxocariasis 
The symptoms of ocular toxocariasis can vary widely, and it is often difficult 
or even impossible to establish the diagnosis on the basis of clinical findings. 
When the lesions are localized in the fundus periphery, the ophthalmoscopic 
findings may closely resemble those in DEVR. 
Figure 195. Same eye as Figure 194. Fluorescein angiogram of the temporal equatorial 
zone showing leakage from retinal vessels. Non-perfusion of the peripheral retina. 
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14.4.a Ginical symptoms 
Intraocular symptoms of toxocariasis result from invasion of the second-stage 
larvae from the blood vessels into the eye. The condition is usually found in 
healthy children. 
Toxocara infections of the eye can manifest themselves in a variety of 
ways. The following clinical symptoms have been ascribed to toxocariasis. 
White granuloma in the posterior pole of the fundus. 
Chronic endophthalmitis (or posterior uveitis) with prolific vitreous 
opacities. 
Local white granulomatous or gliotic mass in the extreme fundus periphery. 
From this mass, vitreous strands or even falciform retinal folds can extend 
to the posterior pole of the fundus. Inflammatory changes are often discrete. 
Apart from the abovementioned manifestations, toxocara has been regarded 
in incidental cases as a cause of optic neuritis (Bird et al., 1970) and irido-
cyclitis (Appelmans et al., 1965). 
14.4.b Differential diagnosis 
The presence of one or several gliotic masses in the extreme fundus periphery, 
usually accompanied by mild inflammatory changes in the vitreous, has been 
described by several authors and ascribed to toxocara infection (Perkins, 
1966; Willens, 1966; Wilkinson and Welch, 1971). This type of toxocara 
manifestation is reportedly not rare: in a series of 40 patients with probable 
toxocariasis, 17 presented with such peripheral lesions (Wilkinson and Welch, 
1971). Only one had bilateral changes. 
The abovementioned authors pointed out that the peripheral tissue masses, 
particularly in the presence of a radial retinal fold, might seem identical to 
the manifestations of cicatricial RLF and could also resemble the features of 
a congenital retinal fold. The following case history demonstrates that diag-
nosis can pose problems in such cases. 
Case history 
A healthy 6-year-old boy was referred to us because visual loss OS had been 
found at school. 
The aqueous humour and vitreous contained cells. In the posterior pole of 
the fundus, some retinal deformation due to traction in temporal direction 
was visible (Figure 196). A white tissue mass was localized in the extreme 
inferior temporal periphery of the fundus. No vessels were visible in this tissue. 
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1 \, 
ligure 196. A) Mild deformation of the retina in the posterior pole, B) White tissue mass 
in the temporal periphery of the fundus. 
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The retina central to this mass was deformed and slightly raised in a radial 
duplicature. OD was entirely normal. 
The clinical features in OS unmistakably resembled those found in several 
of our patients with DEVR. However, DEVR was virtually excluded by the 
absence of lesions in OD, and the absence of fundus changes in the other 
family members. RLF was eliminated on the basis of the neonatal history. 
The clinical features strongly suggested ocular toxocariasis, but complement 
fixation reaction and ELISA (vide infra) were both negative. 
Particularly in (rarely described) bilateral cases of peripheral toxocara 
lesions (Wilkinson and Welch, 1971 ;Schlaegel and Knox, 1976), the possibility 
of DEVR should be taken into account and a family study should be made if 
necessary. 
The case described by O'Connor (1972), with unilateral lesions, likewise 
illustrates the clinical similarity between DEVR and ocular toxocariasis. 
Until recently, laboratory studies contributed little to the diagnosis of 
ocular toxocariasis. The parasites do not occur in the human intestine, and 
examination of stools is therefore useless. Blood eosionophilia is usually 
absent. Older serological assays and the skin test described by Duguid (1961) 
were not sufficiently specific to be of much value. Some authors maintain 
that the ELISA (enzyme-linked immunosorbed assay) introduced a few years 
ago, is more specific and therefore an asset in the diagnosis of toxocariasis 
(Pollard et al., 1979). 
14.5 Myopia 
15.5.a Perfusion disorders of the peripheral retina in myopia 
At contact lens examination of eyes with moderate or high myopia, the retinal 
blood vessels in the equatorial zone are often almost or entirely invisible. This 
phenomenon is usually not confined to areas with distinct degenerative lesions 
but often involves the entire peripheral retina. 
Fluorescein angiography in such cases reveals that the lumen of the retinal 
vessels central to the equator is often constricted. The filling phase of the 
peripheral retinal vessels is delayed, and retinal perfusion is often no longer 
clearly demonstrable peripheral to the equator (Figure 197). Such changes in-
dicate the relative ischaemia of the peripheral retina in myopic eyes (Miyakubo 
and Numaga, 1980). 
The disturbed perfusion of the peripheral retina in myopia differs from 
that in DEVR in that there is no zone of aberrant ramifications central to the 
area of non-perfusion, and no fluorescein leakage in the late phase. Conse-
quently the lesions are not suggestive of a vascular developmental disorder 
but probably result from secondary changes and occlusions of peripheral 
retinal blood vessels. 
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Figure 197. OS. Fluorescein angiogram of the temporal fundus periphery in high myopia. 
Cobblestones peripheral to the equator (on the right). Poorly perfused retinal vessels 
visible on the left (arrows). Non-perfusion of the equatorial retina (centre). 
14.5.b Ectopia of the macula in high myopia 
An abnormally stretched course of the retinal vessels in the posterior pole of 
the fundus is not infrequently observed in eyes with high myopia. In some 
cases, in which some temporal ectopia of the macula is present as well, there 
may be a close resemblance to posterior pole changes in DEVR. 
Case history HvK (06-02-26) 
History 
A 54-year-old man was known to have high myopia before having undergone 
lens extraction OS at age 52. OD had become blind in childhood as a result 
of total retinal detachment. In view of slight intravitreous haemorrhage in 
OS, probably as a result of posterior vitreous detachment, a few vascular 
areas in the peripheral retina were coagulated. Birth had been premature but 
no supplemental oxygen had been given. 
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Oph thalmological examination 
Visual acuity VOS: S + 8.0/Cyl 
Anterior segments 
Vitreous 
Fundus 
3.5 axis 2 0.5. 
OD: White, opaque tissue mass in the pupillary 
aperture. 
OS: Aphakic pupillary aperture with sector irid­
ectomy. 
OD: Not assessable. 
OS: Liquefaction with very little structure. 
OS: Abnormally stretched course of the tem­
poral retinal vessels from the disc. Nearly all vas­
cular branches exit from the temporal margin of 
the disc. Nasal ramifications of the central reti­
nal artery and vein curve back in nasal direction. 
Distinct ectopia of the macula in temporal and 
also in slightly inferior direction (Figure 198). 
r 
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Figure 198. Abnormal vascular configuration in the posterior pole of the retina and 
macular ectopia in an eye with high myopia. 
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Outside the centre of the posterior pole the large 
choroidal vessels and sclera are clearly visible 
due to underdevelopment of choriocapillaris 
pigmented layer. Several pigmented scars of the 
laser coagulations are visible in the periphery. A 
delicate vitreous membrane attaches to the 
retina along the equator and is visible in both 
temporal quadrants. Nowhere in the retinal peri-
phery are vascular changes seen that might in-
dicate DEVR. 
Family study 
The brothers and sisters (three) of this patient all underwent examination of 
the fundus periphery in mydriasis. Apart from moderate myopia in one brother, 
no ocular anomalies were found. The patient's parents were no longer alive. 
Discussion 
The diagnosis of DEVR, suggested by the changes in the posterior pole of the 
fundus OS at the first examination, was not confirmed by the findings in the 
peripheral fundus, nor by the family study. A liquefied vitreous structure, 
myopia and a similar delicate vitreous membrane attaching along the equator 
are also observed in Wagner's syndrome, but the family study failed to reveal 
any evidence in this direction. 
Figure 199. Deformation of the posterior pole of the retina. 
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14.6 Ectopia of the macula due to a pucker of the peripheral retina 
Case history BK-B (01-04-14) 
A 66-year-old woman was referred to our department by another hospital 
with the question whether the fundus changes in her left eye could be a mani-
festation of DEVR. 
Metamorphopsia OS had existed for a few months. Ophthalmological 
examination had revealed a retinal defect and a preretinal membrane in the 
temporal fundus. There was no record of premature birth or neonatal oxygen 
administration. No family history of ocular anomalies. 
Ophthalmological examination 
Visual acuity 
Intraocular pressure 
Eye position 
Anterior segments 
Vitreous 
Fundi 
Fluorescein angiogram 
VOD: S+ 0.75 1.25 
VOS: S + 0.75/Cyl. - 0.5 axis 90° 0.4. 
ODS: 17 mmHg. 
Straight. 
ODS: Normal. 
OD: Normal. 
OS: Delicate white particles. 
OD: Normal posterior pole. Normal appearance 
of peripheral fundus, specifically no retinal vas-
cular changes. 
OS: A few branches of the temporal retinal 
vessels take an abnormally stretched course 
from the disc in temporal direction. The macula 
is displaced in the same direction and in fact 
markedly deformed (Figure 199). The temporal 
equatorial zone of the retina shows preretinal 
membranes and retinoschisis at several sites. A 
large retinal defect is seen close to a pucker near 
4 o'clock. 
OD: No anomalies of the posterior pole and the 
temporal equatorial zone in the late phase. 
OS: The early phase of the temporal equatorial 
zone shows severe deformation of the retinal 
vessels: near 4 o'clock a large arterial branch is 
distorted in inferior direction towards the centre 
of the retinal pucker. Consequently the ramifi-
cations of this vessel on the superior side are 
markedly stretched (Figure 200). Slightly higher, 
near 3 o'clock, a narrow zone with fairly inten-
sively leaking retinal capillaries is visible. The 
late phase reveals significant leakage from these 
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capillaries in an area bounded by epiretinal 
membranes. The posterior pole shows slight dif-
fuse leakage from retinal capillaries. 
Discussion 
The configuration of the retinal vessels in the posterior pole and the macular 
ectopia are suggestive of DEVR. The absence of vascular changes in the peri-
pheral retina OD, and the nature of the vascular changes in the peripheral 
retina OS, however, are not consistent with this diagnosis. Non-perfusion of 
the peripheral retina is not demonstrable in the fluorescein angiogram. Nor is 
the history suggestive of DEVR (in which the onset of symptoms is rarely in 
middle age). 
The deformation of the retinal vessels and the macula ectopia in this 
patient are undoubtedly caused by the retinal pucker in the temporal fundus 
periphery, which is probably a complication secondary to the retinal defect. 
Figure 200. Fluorescein angiogram of the temporal fundus periphery. Retinal vessels 
stretched due to an epiretinal membrane. 
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DOMINANT EXUDATIVE VITREORETINOPATHY AND OTHER 
VASCULAR DEVELOPMENTAL DISORDERS OF THE PERIPHERAL 
RETINA 
SUMMARY 
Chapters 1 and 2 
The vascular development of the normal human neuroretina is a process which 
occurs surprisingly late in the course of foetal life, and is not quite complete 
even at birth. Vascularization of the peripheral retina, particularly in the tem-
poral half of the fundus, does not take place until the final months of the 
intra-uterine period. This implies that vascular developmental disorders in this 
part of the retina have a late foetal pathogenesis. 
Contact lens biomicroscopy and fluorescein angiography are by far the 
most important methods of investigation to demonstrate vascular anomalies 
in the peripheral fundus. The possibilities of these techniques are limited by 
optical factors. Interpretation of vascular anomalies on a fluorescein angio-
gram of the peripheral fundus is impeded by optical artefacts and variations 
in the vascular configuration of the retina and choroid which occur in this 
part of the fundus in normal eyes. 
Chapters 3-6 
Only in the past decade have investigators become more familiar with the 
clinical features of dominant exudative vitreoretinopathy (DEVR). Apart 
from previous publications from our institute (Nijhuis et al., 1979; Van 
Nouhuys, 1981), only about 60 cases of this condition (in fewer than ten 
different families) have been reported. 
This thesis describes nine families in which DEVR was diagnosed. Some 
200 members of these families were ophthalmologically examined by me. 
Evident symptoms of DEVR were found in 75, and in 12 others the diagnosis 
was plausible but not certain. 
The primary lesion in DEVR is a perfusion disorder of the peripheral retina 
which manifests itself in the temporal part of the fundus. In uncomplicated 
cases it is possible to establish the absence of retinal vessels in the area an-
terior to the temporal equator by contact lens biomicroscopy. The configur-
ation of blood vessels in the retina posterior to the temporal equator is nearly 
always aberrant: this area usually shows an increased number of vascular 
ramifications with a strikingly parallel course, while the venous branches are 
abnormally tortuous. In many cases the stretched course of the temporal 
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retinal vessels in the posterior pole is a conspicuous feature. This phenomenon 
is often associated with some temporal or inferior temporal ectopia of the 
macula. 
Fluorescein angiography of the temporal fundus periphery as a rule clearly 
reveals the disturbed perfusion of the retina anterior to the equator in DEVR. 
A typical characteristic of the condition is abrupt termination of the retinal 
vasculature in the equatorial zone and fluorescein leakage from a zone of small 
terminal ramifications which demarcates the non-perfused retinal periphery. 
The appearance of these aberrant terminal ramifications of retinal vessels 
and the configuration of the Une of demarcation they form, show a marked 
similarity to the peripheral zone of incompletely developed retinal vasculature 
in normal foetal eyes during the final months of the intra-uterine period. This 
similarity implies that DEVR is based on a disturbance in the development of 
the retinal vasculature which must have occurred during the final months of 
the period of gestation. This disturbance has caused the temporal retinal peri-
phery (last to be vascularized in the course of development) to remain avascular 
in DEVR. 
Our study has shown that, in a number of cases, there was no fluorescein 
leakage from the peripheral ramifications in the temporal equatorial zone of 
the retina, and that these terminal ramifications formed a less clearly defined 
continuous zone than they did in most other cases of DEVR. This angiographic 
variant was mainly encountered in one particular family (the H family), 
which was also characterized by a high incidence of rhegmatogenous retinal 
detachment. Both the ophthalmoscopic and the fluorescein-angiographic 
features of this variant of DEVR are very subtle and inconspicuous, and in 
my opinion this fact has important diagnostic consequences. 
In DEVR, the fluorescein angiogram of the posterior pole often discloses 
dilatations of macular capillaries in the early phase, and hyperfluorescence of 
the disc and leakage from capillaries in the centre of the posterior pole in the 
late phase. 
In many eyes the symptoms of DEVR are largely confined to the above-
mentioned vascular retinal changes. Visual acuity in such eyes is usually good. 
Of the 144 eyes of persons with evident DEVR, 102 (71%) had a visual acuity 
of 0.6 or better. This shows that the condition is in most cases compatible 
with fair-to-good visual function. 
Retinal neovascularizations were found only at the demarcation between 
vascular and avascular retina, but only in a minority of cases. Intraretinal and 
subretinal exudates of widely varying size were likewise relatively rare (11% 
of eyes). Various types of pigmentations, whitish degenerative areas in the 
peripheral retina and atrophic changes of the pigment epithelium and choroid 
were encountered slightly more frequently. 
Vitreous changes of widely varying severity were found in 48% of the eyes 
examined; in the remaining 52% the vitreous was quite normal. This obser-
vation demonstrates that DEVR is not a true vitreoretinopathy, as for example 
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Wagner's syndrome is. The vitreous changes are most likely a complication 
secondary to the retinal vascular changes. Classification of DEVR among the 
(vitreoretinal) dystrophies or degenerations is not consistent with the nature 
of the condition. The most characteristic feature of this group of conditions 
is gradual progression of the disease symptoms as a result of cell degeneration. 
Such a progression, however, was not demonstrated in any of our patients on 
the basis of history or data obtained by examination. 
Visual function is determined largely by the presence or absence of com-
plications. In DEVR, two types of complication are mainly responsible for 
severe visual impairment: amblyopia and retinal detachment. 
Amblyopia was found in 11 of the 75 affected family members, and in 
most cases could be ascribed to anisometropia. The latter anomaly of refrac-
tion was quite common, as were myopia and myopic astigmatism. 
Retinal detachment in DEVR can be due to traction exerted by vitreous 
membranes, formation of subretinal exudates, or the presence of retinal 
ruptures. The latter (rhegmatogenous) type of retinal detachment can occur 
as a result of large ruptures caused by traction, but also as a result of very 
small atrophic defects which are usually localized in the avascular part of the 
retina. 
The fact that it is in particular the abovementioned complications that 
determine the prognosis, opens some perspectives for preventive and curative 
measures in cases of DEVR. In the vast majority of cases the complications 
develop before age 20, and the most severe forms of tractional retinal detach-
ment were in fact found in patients younger than 10 years. This is why oph-
thalmological examination of young children in families with DEVR is very 
important. 
The histopathological features of DEVR have been recently described. One 
of the persons I examined had been submitted to enucleation of one eye 
shortly after birth. The microscopic features of this eye were consistent with 
a terminal stage of a proliferative retinopathy. 
Penetrance of the DEVR gene was found to be very high. Using the diag-
nostic methods described, I found a gene penetrance of about 90%. The gene 
is also characterized by very variable expression. It is probable that this varia-
bility is largely caused by non-genetic factors. 
The mechanism by which the DEVR gene effects the disturbance in retinal 
vasculogenesis has so far remained obscure. General symptoms possibly related 
to the ocular changes have not been found. 
The deformation of the vasculature of the posterior pole and periphery of 
the retina, and the often observed macular ectopia, cannot be explained in 
less severe cases of DEVR by traction resulting from the presence of cicatricial 
tissue. A hypothesis is advanced which explains these phenomena as direct 
consequence of the vascular developmental disorder. 
The ophthalmological literature includes numerous descriptions of patients 
whose symptoms are suggestive of DEVR. Such cases are often reported in 
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descriptive diagnostic terms such as macular ectopia or pseudoglioma, or by 
diagnoses whose correctness seems dubious, e.g. (familial) Coats' disease, 
(familial) persistent hyperplastic primary vitreous (PHPV) and retrolental 
fibroplasia (RLF). There are numerous case reports on congenital retinal fold 
(ablatio falciformis congenita) in which the descriptions of the fundus changes 
tally exactly with the falciform retinal folds found in several of our patients. 
Chapter 7 
Congenital retinal fold (ablatio falciformis congenita) is a fundus anomaly 
which can be found in several diseases. DEVR is the primary possibility to be 
taken into account in patients with unilateral or bilateral congenital retinal 
folds who show no general symptoms and have no record of neonatal oxygen 
administration. 
In most cases, and certainly in DEVR, a congenital retinal fold is not 
formed until the final months of the intra-uterine period, and is a result of a 
retinal vascular developmental disorder. 
Chapter 8 
The symptoms of cicatricial RLF seem to differ hardly, if at all, from those 
of DEVR. Differential diagnosis between the two conditions is therefore 
based entirely on the neonatal history and on ophthalmological examination 
of a patient's family members. 
The clinical symptoms are so similar that RLF can be described as a pheno-
copy of DEVR. Observations on neonates with DEVR have not been suf-
ficiently numerous to establish with certainty whether, like RLF, the condition 
shows an acute phase. 
There are numerous reports on RLF in children not given oxygen admin-
istration during the postnatal period. Since most of these publications make 
no mention of opthalmological examination of near relatives it is possible — 
and in fact probable — that some of these cases represent manifestations of 
DEVR. 
It has not been established with certainty whether neonates who possess 
the gene of DEVR run an increased risk at neonatal oxygen administration. 
This question merits further investigation. 
Chapter 9 
Several syndromes are known to be associated with congenital organizations 
in the vitreous space and retinal detachment. 
In mild manifestations of incontinentia pigmenti (Bloch-Sulzberger syn-
drome) there are fluorescein-angiographic changes which suggest disturbed 
vascularization of the peripheral retina. The fact that the acute symptoms of 
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this syndrome develop in the perinatal period supports the postulate of a dis-
turbance in the late phase of development of the retinal vasculature. Unlike 
DEVR, this syndrome also involves occlusive changes in the retinal vessels of 
the posterior pole of the fundus. Severe manifestations of the syndrome — e.g. 
proliferations in the vitreous space and retinal detachment — are probably 
caused by peripheral neovascularizations from the retina. 
Norrie's disease is associated with congenital proliferative changes in the 
vitreous and retinal detachment. The ocular symptoms of this disease closely 
resemble those in severe cases of DEVR. It seems quite possible that the symp-
toms of Norrie's disease may likewise result from a congenital developmental 
disorder of the retinal vasculature with secondary neovascularization. This 
hypothesis is supported by the absence of changes suggestive of an early devel-
opmental disorder. 
Some cerebral anomalies such as microcephaly and hydrocephalus can be 
associated with ocular symptoms which closely resemble those of RLF and 
DEVR, and indicate disturbed retinal vascularization. In describing patients 
with this syndrome, the old term "encephalo-ophthalmic dysplasia" can con-
tinue to be used for the time being, although the fundus changes are not based 
on primary dysplasia of the nerve tissue of the retina. 
Unmistakable evidence of disturbed vasculogenesis of the peripheral retina 
has been found in some neonates with anencephalia. Histological examination 
of eyes of such neonates by several investigators has demonstrated avascular-
ity of the peripheral retina and neovascularizations in the most peripheral 
zone of retinal vessels. 
In the syndrome described by Reese, Biodi and Straatsma, which in most 
cases is probably based on trisomy 13, severe changes in the vitreous space 
have been frequently found at histological examination. These changes may 
well be a result of a congenital proliferative retinopathy. The syndrome also 
includes symptoms which indicate an early disorder of foetal development. 
Chapters 10-12 
In several patients with Wagner's syndrome I found fluorescein-angiographic 
changes in the equatorial region of the fundus which unmistakably suggested 
disturbed development of retinal vessels in this region. The cause of the dis-
order seems to lie not so much in the foetal vessels themselves as in the pre-
sence of sharply defined areas of dysplasia in choroid, pigmented layer and 
neuroretina, which have impaired the development of retinal vessels. It seems 
quite likely that the aberrant configuration of blood vessels in the central 
retina and the nasal macular ectopia found in some patients with Wagner's 
syndrome result from this impairment of retinal vascular development in the 
equatorial zone. 
Sex-linked juvenile retinoschisis is associated in incidental cases with symp-
toms that could be interpreted as indicating a developmental disorder of peri-
pheral retinal vessels. This disorder may have been caused by retinoschisis 
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occurring before completion of retinal vascular development There are no 
indications that vascular changes play a role in the aetiology of the retinoschisis 
in this condition 
Another relatively rare phenomenon in sex-linked juvenile retinoschisis is 
deformation of retinal vessels in and around the posterior pole and macula 
ectopia 
There are several reports on fluorescein-angiographic changes of the peri-
pheral retinal vasculature found in usually young persons with non-traumatic 
rhegmatogenous retinal detachment The vascular changes described in some 
of these publications are undoubtedly suggestive of a primary disorder in the 
vasculogenesis of the peripheral retina, and more specifically DEVR, can play 
a role in the pathogenesis of rhegmatogenous retinal detachment. 
Congenital bilateral arterial anastomosis between the peripheral choroid 
and retina is a rare vascular malformation. This anastomosis, previously des-
cribed by Van Nouhuys and Deutman (1980), is probably based on continued 
growth of a recurrent ciliary artery into the retina through a small colobom-
atous defect in Bruch's membrane and the retinal pigment epithelium 
Coats' disease and retinal angiomatosis can both be regarded as disorders 
of retinal vascular development, although it is usually impossible to establish 
the congenital presence of the lesions Both conditions can ophthalmoscopic-
ally resemble forms of DbVR which are associated with extensive intraretinal 
and subretinal exudates. Coats' disease differs from DEVR in that hereditary 
factors are absent, as demonstrated by the case history of monozygotic twins 
of whom only one child proved to be (bilaterally) affected. 
Chapters 13 and 14 
Several conditions not associated with disturbances in the foetal vasculogenesis 
of the retina can pose problems of differential diagnosis from DEVR. 
Persistent hyperplastic primary vitreous (PHPV) is a condition in which it 
is uncertain which clinical manifestations may occur in the posterior vitreous 
space. The hypothesis that a congenital retinal fold as a rule results from per-
sistence of elements of the primary vitreous is untenable. 
Our study has shown that DEVR, if associated with large chorioretinal 
cicatrices, can easily be mistaken for a condition resulting from congenital 
toxoplasmosis 
Of the acquired disorders of the peripheral retinal circulation, only Eales' 
disease and sickle cell retinopathy are briefly discussed. The principal differ-
ence between such occlusive retinopathies and conditions based on disturbed 
vascular development, such as DEVR, is the absence of a regular zone of 
underdeveloped peripheral capillaries in the angiogram, and the absence of 
distinct deformation of the retinal vasculature. 
A few other acquired conditions such as ocular toxocariasis, pars planitis, 
and vascular retinal changes associated with myopia may lead to confusion 
with the symptoms of DEVR. 
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DOMINANTE EXSUDATIEVE VITREORETINOPATHIE EX ANDERE 
VASCULAIRE ONTWIKKELINGSSTOORNISSEN VAN DE PERIFERE 
RETINA 
SAMENVATTING 
Hoofdstuk 1 en 2 
De vasculaire ontwikkeling van de normale menselijke neuroretina is een 
proces, dat zich wonderlijk laat in het foetale leven voltrekt en zelfs bij de ge-
boorte nog niet geheel is voltooid. Vascularisatie van de perifere retina met 
name in de temporale helft van de fundus geschiedt pas in de laatste maanden 
van de intra-uteriene periode. Dit impliceert, dat vasculaire ontwikkelings-
stoornissfen in dit gedeelte van de retina een laat foetale Pathogenese hebben. 
Voor het aantonen van vasculaire afwijkingen in de perifere fundus zijn 
contactglasbiomicroscopie en fluorescentie angiografie veruit de belangrijkste 
methoden van onderzoek. De mogelijkheden van deze technieken worden 
beperkt door optische oorzaken. De beoordeling van vasculaire anomalieën op 
het fluorescentie angiogram van de perifere fundus wordt bemoeilijkt door 
optische artefacten en variaties in de vaatconfiguratie van retina en chorioidea, 
die in dit deel van de fundus bij normale ogen voorkomen. 
Hoofdstuk 3-6 
Dominante exsudatieve vitreoretinopathy (DEVR) is een aandoening, waarvan 
het klinische beeld pas het laatste decennium enige bekendheid heeft gekregen. 
Afgezien van eerdere publicaties van ons instituut (Nijhuis et al., 1979; 
Van Nouhuys, 1981) zijn slechts ongeveer een 60 tal gevallen van de aan-
doening behorend tot nog geen 10 families onder deze diagnose gerapporteerd. 
In deze studie worden 9 families beschreven, waarin de diagnose DEVR 
gesteld werd. Ruim 200 leden van deze families werden door mij oogheel-
kundig onderzocht. Bij 75 van hen werden evidente verschijnselen van DEVR 
gevonden, terwijl bij 12 anderen de diagnose waarschijnlijk was, doch niet 
zeker. 
De primaire afwijking bij DEVR is een perfusiestoornis van de perifere 
retina, die zich hoofdzakelijk manifesteert in het temporale deel van de fundus. 
Door contactglasonderzoek is het bij ongecompliceerde gevallen van de aan-
doening mogelijk de afwezigheid van retinavaten in het gebied voor de tem-
porale equator vast te stellen. De configuratie van bloedvaten in de retina 
achter de temporale equator is bijna altijd aberrant: doorgaans zijn een toege-
nomen aantal vaattakken in deze gebieden gelegen met een opvallend parallel 
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verloop en veelal vertonen de venetakken een abnormale tortuositeit. In de 
achterpool valt dikwijls het gestrekte verloop van de temporale retinavaten op. 
Dit verschijnsel gaat vaak gepaard met enige ectopie van de macula naar tem-
poraal of naar temporaalonder. 
Fluorescentie angiografie van de temporale periferie van de fundus toont 
bij DEVR meestal duidelijk de gestoorde perfusie van de retina voor de equa-
tor. Typisch voor de aandoening is het abrupte eindigen van het vaatbed van 
de retina in het equatorgebied en lekkage van fluoresceine uit een zoom van 
kleine terminale vertakkingen, die de niet geperfundeerde periferie van de 
retina begrenzen. 
Het uiterlijk aspect van deze aberrante terminale vertakkingen van retina-
vaten alsmede de configuratie van de grenslijn die deze vormen, vertoont 
grote gelijkenis met de perifere zone van de onvolgroeide retina vasculatuur 
in normale foetale ogen gedurende de laatste maanden van de intrauteriene 
periode. Deze overeenkomst duidt erop, dat DEVR berust op een stoornis 
die in de ontwikkeling moet hebben plaats gevonden. Deze stoornis heeft er 
toe geleid, dat de temporale retinaperiferie, die het laatst in de ontwikkeling 
gevasculariseerd wordt, bij DEVR avasculair is gebleven. 
Bij ons onderzoek is gebleken, dat bij een aantal gevallen geen lekkage van 
fluoresceine uit de perifere vertakkingen in de temporale equatorstreek van de 
retina optrad en dat deze terminale vertakkingen veel minder duidelijk een 
aaneengesloten zoom vormden dan doorgaans het geval was bij DEVR. Deze 
angiografische variant werd hoofdzakelijk in één familie (fam. H.) aangetrof-
fen, waarin tevens het frequente vóórkomen van rhegmatogene ablatio retinae 
opviel. Zowel de ophthalmoscopische als fluorescentieangiografische verschijn-
selen van deze variant van DEVR zijn zeer onopvallend, hetgeen naar mijn 
mening belangrijke diagnostische consequenties heeft. 
Het fluorescentie angiogram van de achterpool toont bij DEVR dikwijls 
dilataties van maculaire capillairen in de vroege fase en hyperfluorescentie van 
de papil en lekkage uit capillairen in het centrum van de achterpool in de late 
fase. 
In veel ogen zijn de verschijnselen van DEVR hoofdzakelijk beperkt tot de 
hierboven genoemde vasculaire afwijkingen van de retina. De meeste van der-
gelijke ogen hebben een goede gezichtsscherpte. Van de 144 ogen van personen 
met zekere DEVR werd bij 102 ogen (71%) een gezichtsscherpte van 0.6 of 
hoger gevonden. Hieruit blijkt, dat de aandoening in de meeste gevallen com-
patibel is met een redelijke tot goede visuele functie. 
Retinale neovascularisaties werden alleen aangetroffen ter plaatse van de 
grenszone tussen vasculaire en avasculaire retina, doch kwamen slechts in een 
minderheid van de gevallen voor. Ook intraretinale en subretinale exsudaten, 
van zeer uiteenlopende omvang waren betrekkelijk schaars (11%). Wat fre-
quenter werden pigmentaties van verschillende aard, wittige degeneratieve ge-
bieden in de perifere retina en atrofische veranderingen van pigmentblad en 
choroidea waargenomen. 
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Glasvochtveranderingen van zeer verschillende ernst waren aanwezig in 48% 
van de ogen. Bij de overige 52% was het glasvocht geheel normaal. Deze obser-
vatie toont aan dat DEVR geen echte vitreoretinopathie is, zoals b.v. het syn-
droom van Wagner. De glasvochtveranderingen treden naar alle waarschijnlijk-
heid secundair op aan de vasculaire afwijkingen in de retina. De rangschikking 
van DEVR onder de (vitreoretinale) dystrofieën of degeneraties is niet in 
overeenstemming met het karakter van de aandoening. Het meest kenmer-
kende aspect van deze groep aandoeningen is geleidelijke progressie van de 
ziekteverschijnselen tengevolge van het te gronde gaan van cellen. Een dergelijk 
beloop hebben wij echter bij geen van onze patiënten op grond van de anam-
nese of onderzoek kunnen vaststellen. De visuele functie wordt grotendeels 
bepaald door het al of niet optreden van complicaties. In hoofdzaak zijn twee 
soorten complicaties bij DEVR verantwoordelijk voor ernstige visusvermin-
dering: amblyopie en ablatio retinae. 
Amblyopie werd bij 11 van de 75 familieleden met onmiskenbare ziekte-
verschijnselen gevonden en kon in de meeste gevallen toegeschreven worden 
aan een anisometropie. Deze laatste refractieanomalie kwam frequent voor 
evenals een myopie of een myoop astigmatisme. 
Ablatio retinae kan bij DEVR ontstaan door tractie van glasvochtmem-
branen, vorming van subretinale exsudaten of door rhegmatogene oorzaak. 
Dit laatste type netvliesloslating kan optreden als gevolg van grote scheuren 
onder invloed van tractie, maar ook door het ontstaan van zeer kleine atro-
fische defectjes, die meestal in het niet gevasculariseerde deel van de retina 
zijn gelegen. 
Het feit, dat het met name de hierboven genoemde complicaties zijn die de 
prognose bepalen, biedt enige perspectieven voor preventieve en curatieve 
maatregelen bij patiënten met DEVR. De complicaties treden in veruit de 
meeste gevallen op voor het 20e jaar, terwijl de meest ernstige vormen van 
tractionele ablatio retinae zelfs beneden de 10 jarige leeftijd voorkomen. Om 
deze reden is het herkennen van de aandoening alsmede het verrichten van 
oogheelkundig onderzoek bij jonge kinderen in families, waarin de ziekte 
geconstateerd is, van grote betekenis. 
De histopathologische afwijkingen van DEVR zijn pas onlangs voor het 
eerst beschreven. Van één van de door mij onderzochte personen had enuc-
leatie van één oog kort na de geboorte plaats gehad. Het microscopische 
beeld van dit oog paste bij een eindstadium van een proliferatieve retino-
pathie. 
Het gen van DEVR bleek een hoge penetrantie te hebben. Met onze diag-
nostiek werd een penetrantie van ongeveer 90% gevonden. Voorts kenmerkt 
het gen zich door een zeer variabele expressie. Het is waarschijnlijk, dat deze 
variabiliteit voor een belangrijk deel veroorzaakt wordt door niet genetische 
factoren. 
Langs welke weg het gen van de aandoening de storing in de retinale vas-
culogenese bewerkstelligt is tot nu toe onbekend. Algemene verschijnselen 
die een relatie met de oogafwijkingen konden hebben, werden niet gevonden. 
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De vervorming van het vaatbed van achterpool en penfene van de retina, 
alsmede de vaak aanwezige ectopie van de macula kan bij minder ernstige ge-
vallen van DEVR met verklaard worden door tractieverschijnselen tengevolge 
van littekenweefsel Een hypothese wordt geboden, waann deze verschijnselen 
verklaard worden als direct gevolg van de vasculaire ontwikkelingsstoornis 
In de oogheelkundige literatuur komen veel beschrijvingen van ziektegevallen 
voor, waarvan de verschijnselen suggestief zijn voor DEVR. Dergelijke gevallen 
zijn vaak aangeduid met descriptieve diagnosen, zoals ectopia maculae, pseudo-
glioom of met diagnosen, waarvan de juistheid in twijfel getrokken moet 
worden, zoals (familiaire) ziekte van Coats, (familiaire) PHPV en RLF Tal-
rijk zijn de publicaties van gevallen van congenital retinal fold (ablatio falci-
formis congenita), waarvan de descripties van de fundusafwijkingen exact 
overeenkomen met de bij verschillende van onze patiënten gevonden falciforme 
retinaplooien. 
Hoofdstuk 7 
Congenital retinal fold (ablatio falciformis congenita) is een fundusafwijking 
die bij verschillende aandoeningen kan voorkomen. Bij patiënten met deze 
afwijking in één of beide ogen, die geen algemene verschijnselen hebben, en 
waaraan geen zuurstof in de neonatale periode is toegediend, moet in eerste 
instantie aan DEVR gedacht worden als oorzaak. 
De vorming van een falciforme ablatio retinae geschiedt in de meeste ge-
vallen, en zeker bij DEVR, met voor de laatste maanden van de mtrautenene 
periode en is het gevolg van een vasculaire ontwikkelingsstoornis van de 
retina 
Hoofdstuk 8 
De symptomen van cicatnciele RLF en DEVR lijken met of nauwelijks te 
verschillen. De differentiaal diagnose tussen beide aandoeningen berust daarom 
geheel op de neonatale anamnese en oogheelkundig onderzoek van familieleden 
van een patient 
De klinische verschijnselen komen dermate overeen, aat gezegd kan worden 
dat RLF een phenocopie is van DEVR Er zijn te weinig observaties bij zuige-
lingen met DEVR verricht om te kunnen vaststellen in hoeverre de aandoe-
ning evenals RLF gepaard gaat met een acute fase 
Gevallen van RLF bij kinderen die in de postnatale periode geen extra zuur-
stof hebben ontvangen zijn herhaaldelijk beschreven Daar in de meeste van 
deze publicaties geen melding gemaakt is van oogheelkundig onderzoek van 
naaste familieleden van de patiënten is het mogelijk, en zelfs waarschijnlijk, 
dat een aantal van deze gevallen manifestaties zijn geweest van DEVR 
Het staat niet vast of pasgeborenen die het gen van de aandoening bezitten 
een verhoogd risico lopen bij toediening van extra zuurstof Dit onderwerp 
verdient verder onderzoek 
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Hoofdstuk 9 
Er zijn verschillende syndromen bekend, die gepaard gaan met congenitale or-
ganisaties in de glasvochtruimte en ablatio retinae. 
Bij lichte manifestaties van incontinentia pigmenti (syndroom van Bloch-
Sulzberger) zijn fluorescentieangiografische verschijnselen aanwezig, die 
suggestief zijn voor een gestoorde vascularisatie van de perifere retina. Het feit, 
dat de acute verschijnselen van dit syndroom zich in de perinatale periode 
voordoen, steunt de veronderstelling van een stoornis gedurende de late fase 
van ontwikkeling van de retinavasculatuur. In tegenstelling tot DEVR komen 
bij dit syndroom ook occlusieve veranderingen van retinavaten in de achter-
pool van de fundus voor. Ernstige manifestaties van het syndroom, zoals pro-
liferaties in de glasvochtruimte en netvliesloslating worden zeer waarschijnlijk 
veroorzaakt door perifere neovascularisaties vanuit de retina. 
De ziekte van Norrie gaat gepaard met congenitale proliferatieve verander-
ingen in het glasvocht en netvliesloslating. De verschijnselen van de aandoening 
lijken sterk op die van ernstige gevallen van DEVR. De mogelijkheid dat de 
symptomen van de ziekte van Norrie eveneens het gevolg zijn van een con-
genitale ontwikkelingsstoornis van de retinavasculatuur met secundaire neo-
vascularisatie lijkt niet gering. Deze veronderstelling wordt gesteund door het 
ontbreken van afwijkingen, die op een vroege ontwikkelingsstoornis duiden. 
Sommige cerebrale afwijkingen, zoals microcephalie en hydrocéphalie 
kunnen gepaard gaan met oogsymptomen, die grote overeenkomsten vertonen 
met RLF en DEVR en die duiden op een gestoorde vascularisatie van de retina. 
Voor de aanduiding van gevallen die tot dit syndroom behoren kan de oude 
benaming "encephalo-ophthalmic dysplasia" voorlopig gehandhaafd worden, 
hoewel de fundusafwijkingen niet op een primaire dysplasia van het zenuw-
weefsel van de retina berusten. 
Duidelijke verschijnselen van een storing van de vasculogenese van de peri-
fere retina zijn waargenomen bij sommige pasgeborenen met anencephalie. 
Histologisch onderzoek van ogen van dergelijke kinderen is door verschillende 
onderzoekers verricht en heeft avasculariteit van de perifere retina aangetoond 
en neovascularisaties ter plaatse van de meest perifere zone van retinavaten. 
Bij het door Reese, Biodi en Straatsma beschreven syndroom, dat waar-
schijnlijk in de meeste gevallen berust op trisomie van chromosoom 13, zijn 
ernstige veranderingen in de glasvochtruimte frequent histologisch waarge-
nomen. Het is mogelijk, dat deze verschijnselen het gevolg zijn vaan een con-
genitale proliferatieve retinopathie. Bij het syndroom komen ook symptomen 
voor die duiden op een vroege stoornis in de foetale ontwikkeling. 
Hoofdstuk 10-12 
Bij verschillende patiënten met het syndroom van Wagner werden door ons 
duidelijke fluorescentieangiografische afwijkingen in de equatoriale gebieden 
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van de fundus gevonden, die duidden op een gestoorde ontwikkeling van reti-
navaten in dit gebied. De oorzaak van deze stoornis lijkt niet in de foetale 
vaten zelf gelegen, doch in die aanwezigheid van scherp begrensde arealen, die 
een dysplasie vertonen van chonoidea, pigmentblad en neuroretina en die een 
belemmering gevormd hebben voor de ontwikkeling van retinale vaten. Het is 
waarschijnlijk, dat de aberrante configuratie van bloedvaten in de centrale 
retina alsmede de nasale ectopie, die bij sommige patiënten met het syndroom 
van Wagner voorkomt, het gevolg zijn van genoemde belemmering van de ont-
wikkeling van retinavaten in de equatoriale gebieden. 
Geslachtsgebonden juvemele retinoschisis gaat in incidentele gevallen ge-
paard met verschijnselen, die geduid kunnen worden als een ontwikkelings-
stoornis van penfere retinavaten. Het is mogelijk, dat deze stoornissen veroor-
zaakt zijn door een vroeg opgetreden retinoschisis voor de voltooiing van de 
retinale vaatontwikkelmg. Er zijn geen aanwijzingen dat vasculaire afwijkingen 
een etiologische rol spelen bij het tot stand komen van de retinoschisis bij 
deze aandoening. 
Een ander eveneens betrekkelijk zeldzaam fenomeen bij geslachtsgebonden 
juvemele retinoschisis is de deformatie van retinavaten in en om de achterpool 
en ectopie van de macula. 
In verschalende publicaties zijn fluorescentieangiografische afwijkingen 
van de perifere retinavasculatuur getoond bij meestal jeugdige personen met 
een met traumatische, rhegmatogene ablatio retinae. De vasculaire verschijn-
selen m enkele van deze publicaties duiden zonder twijfel op een primaire 
storing in de vasculogenese van de perifere retina en zijn met te onderscheiden 
van de angiografische symptomen van DEVR Dergelijke studies verlenen 
steun aan het concept, dat vasculaire ontwikkelingsstoornissen van de penfere 
retina, en met name DEVR, een rol kunnen spelen bij de Pathogenese van 
rhegmatogene ablatio retinae. 
Een zeldzame vasculaire misvorming is de congenitale bilaterale artenele 
anastomose tussen perifere chonoidea en retina. Deze anastomose, die eerder 
beschreven is (Van Nouhuys en Deutman, 1980) berust waarschijnlijk op een 
doorgroei van een arteria cilians recurrens naar de retina door een klem colo-
bomateus defect van de membraan van Bruch en retinale pigmentblad. 
De ziekte van Coats en angiomatosis retinae zijn beide te beschouwen als 
vasculaire ontwikkelingsstoornissen van de retina, hoewel doorgaans met vast 
te stellen is in hoeverre de lesies congenitaal aanwezig zijn geweest Beide aan-
doeningen kunnen ophthalmoscopische gelijkenis vertonen met vormen van 
DEVR, die gepaard gaan met uitgebreide intra en subretinale exsudaten. In 
tegenstelling tot DEVR ontbreken bij de ziekte van Coats erfelijke factoren, 
hetgeen gedemonsteerd wordt aan de hand van de ziektegeschiedenis van een 
éénenge tweeling, waarvan slechts eén kind (bilateraal) aangedaan bleek te 
zijn. 
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Hoofdstuk 13 en 14 
Verschillende aandoeningen, die niet gepaard gaan met storingen van de foetale 
vasculogenese van de retina, kunnen differentiaaldiagnostische problemen met 
DEVR opleveren. 
Persisterend hyperplastisch primair glasvocht (PHPV) is een aandoening, 
waarvan het onzeker is met welke klinische manifestaties in de achterste glas-
vochtruimte deze zich kan presenteren. De veronderstelling, dat een congenital 
retinal fold doorgaans het gevolg is van persisteren van elementen van het pri-
maire glasvocht is onjuist. 
Zoals in onze studie is gebleken kan DEVR, indien de aandoening gepaard 
gaat met grote chorioretinale littekens, gemakkelijk aangezien worden voor de 
gevolgen van congenitale toxoplasmose. 
Van de verkregen circulatiestoornissen van de perifere retina zijn slechts de 
ziekte van Eales en sikkelcelretinopathie kort vermeld. Het belangrijkste on-
derscheid van dergelijke occlusieve retinopathieën met aandoeningen die op 
een gestoorde vaatontwikkeling berusten, zoals DEVR, is het ontbreken van 
een regelmatige zoom van onvolgroeide perifere capillairen op het angiogram 
en de afwezigheid van duidelijke deformatie van het vaatbed van de retina. 
Enkele andere verkregen aandoeningen, zoals toxocariasis, pars planitis en 
vasculaire afwijkingen van de retina bij myopie kunnen verward worden met 
de verschijnselen van DEVR. 
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Stellingen 
behorende bij het proefschrift: 
Dominant exudative vitreoretinopathy and other vascular developmental disor-
ders of the peripheral retina 
I 
Dominante exsudatieve vitreoretinopathie is een ontwikkelingsstoornis van het 
vaatstelsel van de retina 
II 
Het is onjuist dominante exsudatieve vitreoretinopathie te beschouwen als een 
vitreoretinale dystrofie of vitreoretinale degeneratie 
III 
Dominante exsudatieve vitreoretinopathie is geen bijzonder zeldzame aandoe-
ning, maar een ziekte die tot heden toe zelden herkend is 
IV 
De aandoening die in de oogheelkundige literatuur bekend is als 'ablatio falci-
formis congenita' (of 'congenital retinal fold') is in veel gevallen een symptoom 
van dominante exsudatieve vitreoretinopathie 
V 
De mening dat een 'ablatio falciformis congenita' in het algemeen het gevolg 
is van een gestoorde ontwikkeling van het primaire glasvocht is onjuist 
VI 
Retrolentale fibroplasie is een fenokopie van dominante exsudatieve vitreore-
tinopathie 
VII 
De afwezigheid van bloedvaten in de perifere retina, met name in het temporale 
deel van de fundus, is een belangrijk symptoom van eerste graads cicatriciële 
retrolentale fibroplasie 
ПІ 
Bij elke niet traumatische, rhegmatogene ablatio retinae dient gezocht te wor­
den naar verschijnselen van een vasculaire ontwikkelingsstoornis van de perifere 
retina 
IX 
Bij het syndroom van Wagner blijkt de ontwikkeling van perifere retinavaten 
niet zelden gestoord te zijn. Het veelvuldig ontstaan van atrofische retinadefec­
ten bij dit syndroom is waarschijnlijk in belangrijke mate het gevolg van genoemde 
vasculaire dysplasie 
χ 
De primaire oogafwijkmgen bij incontinentia pigmenti (syndroom van Bloch-
Sulzberger) betreffen met het pigment-epitheel, maar het vaatstelsel van de retina 
XI 
Veel kinderen met convergent scheelzien en hypermétropie dragen nodeloos een 
brd 
XII 
Lensextractie gecombineerd met het plaatsen van een kunstlens in het oog is een 
techmek, waarmee de oogarts tijdens zijn opleiding praktische ervaring behoort 
te verkrijgen 
XIII 
Alleen al de hoge pnjs van medische apparatuur rechtvaardigt meer en systema-
tischer vergelijkend onderzoek van dergelijke instrumenten 
XIV 
De door gemeentelijke overheden op trottoirs en promenades aangebrachte bloem-
bakken en njwielsteunen zijn vaak zo geplaatst, dat deze aanzienlijke obstakels vor-
men voor personen met een visuele handicap 
XV 
Zolang de toelating tot een universitaire opleiding in Nederland mede bepaald wordt 
door loting, is het juist academisch gevormden als bevoorrecht te kwalificeren 
XVI 
Het stimuleren van het toerisme naar de Nederlandse Antillen zal weinig effectief 
zijn zonder intensieve en permanente bescherming van het milieu van de eilanden 
en van de omringende wateren 
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